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ABSTRACT

This report describes the establishment of low cost semiconductor processes

to manufacture low barrier height high burnout X-band silicon Schottky
barrier diodes in production quantities. These devices are thermal compression
bonded in a rugged low cost pill (ODS-119) package. They exhibit an overall
low noise figure of 7.0 dB (single side band) at 0.5 mW of local oscillator
power level and RF burnout of 12 watts (t = 1 psec and 103 Hz rep. rate).
Reliability and ruggedness of the design has been demonstrated by tests

taken from MIL.S. 19500F.

vi




I.0 INTRODUCTION

Under U.S Navy Contracts N00173-C-0029 and N00173-78-C-0126,
Microwave Associates has developed low barrier height, high burnout X-band
silicon Schottky~barrier diode with a 12 watt RF burnout (7= 1usec, 103 Hz
rep. rate) characteristics (see Table I and Figures 1 and 2). These devices
are thermal compression bonded in a rugged pill (ODS-119) package and
exhibit an overall low noise figure of 7.0 dB (single side band) at a 0.5 mW
of local oscillator power level.

The purpose of this manufacturing technology program was
to establish production processes and technologies for the manufacture of
low barrier height and high burnout Schottky-barrier diodes to be used in
advanced radar systems for the U.S. Navy. The objective was to demonstrate
pilot production fabrication processes in order to realize lower manufacturing
costs through applications of high yield processing techniques.

The program consists of a two-phase effort: (a) establishing low
cost semiconductor processing and tooling techniques for the pilot line and
(b) manufacturing phase, for a period of twenty-four months.

PHASE 1
® Low Cost semiconductor chip processing
® Cost reduction in packaging and diode fabrication
] Cost reduction in DC and RF testing (computer-

controlled probe stations)

PHASE II
® Pilot line production
e Quality control testing

° Fallure Analysis

Most of the cost in manufacturing a Schottky chip is in processing
of the silicon wafer. The processing of a wafer can be in excess of
$1,000, while the silicon wafer with an epitaxial layer costs in the order of
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$15. Therefore, the objective is to (1) reduce processing step costs,

(2) increase the number of chips per wafer, (processing cost is independent
of wafer size), and (3) improve the vield.

The processing steps include wafer characterization, oxide growth,
photoresist masking, etching of Schottky windows in oxide, metallization,
testing and scribing.




2.0 PROGRAM OBJECTIVES & SCOPE

2.1 Purpose and Objective of Program

The purpose of this program was to establish Pt/Ni~-Ti-Mo-Au
metallization process using a high volume magnetron sputtering system and
low cost processing techniques for the manufacture of low barrier height,
high burnout, X-band Schottky barrier diodes for advanced Navy radar
systems.

The objective was to demonstrate pilot production fabrication
processes in order to realize lower manufacturing costs (from $30.00 to $10. 00
per diode in production quantities) through the application of high vield
processing techniques such as: 3 inch silicon wafer processing, low cost
sawing, semi-automated bonding, and computer controlled diode testing stations.

Both the purpose and objective of this contract have been
achieved. We have developed new processes and technologies for the
manufacture of silicon low barrier height high burn-out X-band Schottky
barrier diodes for advanced Navy radar systems. The diode which is the
result of this effort meets all contract specifications. We fully expect to
sell production quantities of these diodes at a unit price of $10.00 each or l
less.




3.0 PROGRAM SCOPE

The program consisted of a two-phase effort for a period of 24 months.
3.1 The specific tasks of this program included:

3.1.1 Establish semiconductor processing and tooling
techniques for quantity production diodes using the diode designs developed
under NRL Contract No. N00173-77-C-0029 and N00173-78-C-0125.

3.1.2 Establish tolerance limits such that performance

requirments are met at minimum cost.

3.1.3 Establish automatic testing procedures and test
equipment to provide adequate and sufficient probing of the product at

least cost.

3.1.4 Fabricate production diodes in sufficient quantities
(1000) to determine that process controls can be maintained when adapted

to new process production.

3.1.5 Describe new electrical parameters in MIL-STD-750

format specifications.

3.1.6 Prove out and report data on all fabrication, assembly,

processing and measuring steps and procedures to produce the diodes.

3.1.7 Document and report piece-part dimensions, materials,
reagents of all manufactured and purchased components.

3.1.8 Initiate a pilot run of 300 preproduction samples and

qualify diodes for system implementation.

3.2 Phase 1 Requirements

The laying out of all semiconductor chip processing steps,
package parts and diode fabrication steps. The simplification of all parts
for manufacturing ease, work simplification analysis on both assembly of
the device and testing, and the adaptation of all required assembly and
test jigs, fixtures and tooling to maximize efficiency and minimize required
labor and skill.
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3.3 Phase 2 Requirements

All manufacturing drawings and process specifications will
be finalized. Required manufacturing flow, inspection procedures, and
test methods will k7 fully documented prior to preproduction start-up.

This step will be the preproduction run to prove out all
aspects of the manufacturing technology program including documentation
derived in 3.2. Three hundred prototypes will be built during this run.
One hundred units will be used for qualification testing.

3.3.1 A MIL-STD-19500 format specification shall be
prepared based on the electrical, mechanical parameters and performance
of threse three hundred diodes.

3.2.2 A step-stress testing procedure shall be performed
on a reasonable sample of these preproduction diodes in addition to those
tests required for system qualification. These step-stress tests will also
prove the success of the established manufacturing techniques. The number
of candidates and specific type tests called out in MIL-STD-750 shall be
determined by mutual agreement.

3.4 Diode Specification

The 300 hundred prototype samples to be built under Phase 2
shall meet the following specifications:

Diode Parameters Proposed Contract Specifications
NF at 9.375 GHz 7.0 dB (max) SSB

LO Power 0.5 mW

RF Burn Out at 12 W

Fo = 9,375 GHz

T = 1usec

Du= 0.001




4.0 TECHNICAL REPORT - PHASE I

Phase I of this Program consisted of optimizing the processing and
of transferring the process technology to high throughput systems to
increase yields and reduce cost. Process specificaions were writen and
documented. Engineering samples were fabricated, DC and RF tested, and
shipped on schedule.

4.1 Wafer Processing

Operating procedures have now been established for all
phases of wafer processing. These processes are outlined in Table II.
Specifications for these processes have been written and documented.
Test lots of wafers have been processed to confirm process repeatability
and vield. Process steps are summarized in Figure 3. Specific areas of
work are discussed in the following sections.

4.2 Silicon Epitaxial Wafer Characterization

The epitaxial layers to be used must have, (a) a very low
crystallographic imperfection density in order to ensure minimization of
avalanche noise, (b) excellent surface morphology, and, (c) exactly the
correct epitaxial layer doping level, abrupt interface., and thickness to

ensure lowest possible device series resistance.

4.3 Silicon Wafer Processing and Evaluation

Epitaxial growth was accomplished by the hydrogen reduction
of silicon tetra-chloride as given below:

2 H2 {q) + SiCl4 (g) 1150°C Si (s) + HC1 (g)

Hydrogen is bubbled through silicon tetra-chloride liquid,

under controlled saturation conditions, whereby a constant partial pressure ‘
of hydrogen is maintained by mass flow controls. A mass flow controlled i
partial pressure of dopant gas is injected and thoroughly mixed in an inlet
chamber prior to entering the epitaxial growth reaction chamber, thereby J
enabling closely controlled dopant (resistivity) and growth rate control. The ]
substrates are placed on a silicon carbide-coated graphic susceptor, heated i

-9- |
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tc ~1150°C (optical pyrometer temperature), where they ur-- ¢tched in-situ
by HC1 vapor to remove any possible surface mechanical damage. After
purging for a given time and stabilizing partial pressures ~7 the reantant
gases, these gases are allowed into the epitaxy chamber whereby controlle_

growth is accomplished.

Epitaxial growth was perfomed in an AMV-1200 vertizal react:
(See Figure 4).

* 4.4 Characterization of Epitaxial Wafers

The following techniques are available to characterize and

evaluate silicon epitaxial wafers:

R S '.'ﬂ-&;\.:—m‘:“; v,:‘.wl;,.._- okl ote o7 e _ o it

(a) Infrared Spectrometer to evaluate epitaxial
thickness[ 1] .
(b) Copeland Inversion Profiler[ 2] .
(c) Spreading Resistance (Four Point Probe)[4] .
4!
A (d) Differential Capacitance Profile or Mercury
' g} ProbeM] .
. [5]
(e) Bevel and Stain .
(f) Digi-ab FTG-12 Thickness Monitor|®) .

[2) [3]

The Copeland Inversion Profiler , surface spreading resistance probe , ‘r

(4]

s T
o —

and mercury probe , can characterize epitaxial layer concentration

(resistivity), and a portion of, if not the entire epitaxial layer/substrate 1

interface. The actual data attainable by each method is a function of layer

F e

thickness and carrier concentration.

N For measurement and characterization of epitaxial thickness,

.

. ! uniformity across each wafer, and distribution throughout a given run, the
available techniques are: infrared spectrometer[ 1 , digi-tab FTG-12 thickness

[6]

monitor

, and bevel and stain methodls]. Again, the utility of each
technique is a function of the layer thickness, substrate type, and optical

constants.
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Epitaxia! layers of thickness less than <G6.5 g and of low
resistivity<0.5Q cm are very difficult to measure accurately. Most of the
previously mentioned techniques such as, Infrared Spectrometer. (only good
for epi thickness>5 um, and Copeland Profiler, (only good for22 um), are not

reliable and do not give reproducible measurements.

A mercury probe with HP1000 computer, (see Figure 5) and
bevel and stain methods being evaluated for the measurements of epitaxial
thickness and resistivity. The mercury probe set-up consists of an automatic
bridge, DC power supply, digital voltmeter, mercury probe, and HP10i0 camye -
The mercury probe's template forms non-destructive 20 mil Schottky junctions
on an epitaxial silicon. Computer varies the reverse bias voltage and then piois
capacitance versus voltage and doping density versus junction depth using the
following equation:

N = ——0—3— and X = -=—

2 dC
QEA av

= junction cross sectional area
= junction capacitance
charge of n-electron

= material dielectric constant
= material carrier density

X 2 ~a Q »p
1l

= depth at which N is measured

Various measurement steps are given in Figure 6. This method is fast and
non-destructive. It gives an accurate value of doping density (carrier concentration)
of the epitaxial layer approximate value of the epitaxial thickness. Typical doping
curves and contour maps of 3" wafers are shown in Figure 7. This method is fast

and non-destructive.

Unfortunately, in many cases (especially highly doped layers),
Schottky diodes formed by a mercury contact breaks down before the epitaxial
layer is fully depleted. So another method to measure the epitaxial layer thick-
ness accurately was required.

-17-
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FIGURE 6 MERCURY PROBE CALCULATIONS

D-19365
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2.8 x 1016 3 x1016¢c
0.48. 0.47u
3 x 1016¢¢
0.49,

28x1016cc 3 x 10164
0.54,

2.1 x 1016
0.76u

1.9x10%6cc 20 x 1016,

1.3 x 1016 1.4 x 1016¢¢
0.764 0.77
1.3 x 1016¢¢
0.80u
1.4 x 1016 - 1.4 x 1016¢c
0.80u 0.79.

1.5 x 1016 1.4 x 1016¢¢
0.77u 0.764

' A-1722

FIGURE 7 (c) MAP OF Hg PROBE MEASUREMENTS ON 3 WAFER
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This was achieved by using a Philt.: Modeal 7D Level and
siain system. The process involves cutting a groove of cylindrica: shape into
a specimen (epitaxial silicon wafer n/n+), and then staining tiie¢ groove in a
manner which delineates the less negative layers. Then under magnification,
two variables are measured which can be substituted into a simple equation

to calculate the thickness of epitaxial layers as shown in Figure 8 . The
exXperimental measured parameters in Figure 8 are X and Y; and R is the knu ..
-~adius cylinder. The comparison between mercuty probe and Philtec results
=re¢ given in Table III and show that for a low doped material (wafers A-17:.
and A-1743), the results are approximately the same by the two techniques,
hut differ for moderately doped material (wafer A-1743) due to premature
breakdown of mercuty Schottky diodes.

This bevel and stain technique provide the method for the
precise measurement of ultra thin epitaxial layers. The mercury probe and
Philtec bevel and stain techniques enable us to completely characterize 3 inch
epitaxial wafers. The wafers which do not meet the required specifications
will be rejected and thus reduce the overall cost of the production diodes.
The bevel and stain techniques also provide a method of detecting a

layer (unwanted) between a substrate and an epitaxial layer.

4.5 Measures for Reducing Wafer Processing Costs

Efforts were concentrated on transferring the technology process
to higher throughput systems, specifically in the areas of: (a) conversion from
RF sputtering to automatic magnetron sputtering, (b) conversion from wet
(chemical) to dry (plasma) etching and stripping, and (c) dicing of wafers.

4.6 High Volume Planar Magnetron Sputtering System

The planar magnetron sputtering process was invented by
John Chapin[ 11] in 1972, It was further improved to its present stage of very
versatile production sputtering system by Materials Research Corporation and
Vacuum Industries. It overcomes many of the problems of RF sputtering such
as slow rate, poor uniformity, poor power efficiency, and radiation damage.

-23-




X=a-b

Y=a+b

Xj=y/ R2-b2 - / RZ-3a2

WHENb <R
1 b2 1 a2
Xi=R [1-~ -1+
) [ 2 R?2 2R2]
1 a2 _p2
Xj=
2 R
1 (a+b)la-—-b)
X: =
1 2 R
1 Xy -
Xj=
2 R

FIGURE S8 PHILTECBEVEL AND STAIN METHOD
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FIGURE 10 MRC MAGNETRON 900 METAL DEPOSITION SYSTEM
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The planar maqgrietron techrique ie based un o ~-sed wametic £

_p (sce Figure 9) using a planar sputtering target. The concest evi'ved in,

f12:

:um the Penning's magnetron which was patented in 1933 " and work pericr.

3

sy Van Vorous, Mullaly, Karstendick, and others with magnetrically field ench--~co-

ractangular box type sputtering sources and quadruple filled sources.

Magnetron sputtering is currently being employed for production

~etallization of microelectric circuits, microwave power and low noise semi-
.nductor devices. Typical materials deposited are aluminum, aluminum-silic..
‘tanium-tungston, alloy, platinum, titanium, molybedenum, palladium, gold an-~

“thers.

Sputtering offers a reliable method of depositing alloys and

mixtures with assurance that the film composition will not change from depnsiti-~

*~ deposition. The source material will last for a large number of depositions

without the need for replenishment.

An added advantage of magnetron sputtering is that the entire
deposition process can be automatic such as, evacuation, substrate heating

sputter etching, argon backfill and deposition. This means that the quality

i
of the vacuum metallization is no longer dependent upon the skill of the operator. : j

Magnetron sputtering along with micro-processor automation of the equipment

assures the same uniformity, run after run, on multi-production shifts day after

day.

Advantages of magnetron sputtering to that of RF diode sputtering

are:

(a) Large batch boading can be accomplished in magnetron
sputtering (see Figure 10) MRC 903. Presently at Microwave Associates, Inc.,
we have the capability of metallizing 132 three-inch wafers per one eight hour
.hift, as compared to only 18 three-inch wafers in the RF diode systems
{Model MRC-90) .

(b) Precise deposition control (* 200 ). units) can be
accomplished in the micro-processor system where the depositing material can
be sensed 60 times/minute and adjustments to deposition thicknesses are made

each second to insure precise thickness control, run after run. Operator hands

on time is reduced to 1/3 that of the operator's time in operation of manual RF
Jdiode systems (Model-90).

_28_
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T'est lots oL waicrs were run through this system and pre-
aminary specifications established. Results showinag cost redurticons are

.mmarized in Table TV,

4.7 Plasma Etching of Silox Photo-Resist and Metallization

A plasma etcher (IPC-Model 2005-X) is being used to etch silox,
hoto-resist and unwanted titanium and molybedenum metals from silicon
‘afers. This process offers many advantages over wet chemistry technivva-
..ch as, (a) higher batch vields, (b) residue-free etching, (c) minimum

andercutting, and (d) faster and less expensive than wet chemical etching.

The equipment consists of a quartz chamber inductively
coupled to a high frequency oscillator (13.56 MHz) (see Figure 11). The
~hamber is evacuated to between 0.01 and 0.1 torr and then filled with the
‘tch gas (CF4 - O2 for refractory metals and for silicon nitride, anhydrous
iiF for silox). The RF power is then switched on and reactive gas is excited
forming a plasma of atomic flourine, free ions, radicals and electrons. Atomic
fluorine is considered to be a major reactant for etching exposed surfaces.
Thoto-resist, which etches slower, is used to mask surfaces. The IPC
"Dry-Ox" System utilizes a special process to selectively etch oxides without
attacking the underlying silicon. An oxygen plasma is used to strip photo-
resist from the wafers after they are etched.

The plasma process vields much greater uniformity within a
1n and better reproducibility from run~to-run. Once the process is established

" 7 engineering personnel, the operator need only load and unload the system.
uniformity of better than * 5% reproducibility run-to-run has been experienced.
Tn wet chemical etching, wafers are generally etched one at a time and the
mrocess is time consuming, unreliable and dependent upon the operator's
.adgement. Comparison of typical process times for wafer etching and removal
«f photo-resist are shown in Tables V and VI.

4.8 Low Cost Dicing of Wafers

Once processing is complete, the wafer must be cut into chips.
Previously, the wafers were saw cut with the Tempress Saw Model-602, which
is a high cost and low yvield operation, typically ten three-inch wafers per
‘ay. Initially, we had hoped to replace this operation with laser scribing in

-30-
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» Quantrix Model 603-C, which offers much highar throush a. (up o 57
Jafers per day) and improved yields. However, because of continuec
maintenance problems, with a down-time of over 60%, it was decided o
investigate one of the new high-speed automated saws, in this case the
Discol. After experimentation and optimization of operating parameters,
this was the most cost effective method of cutting wafers. Results of this
work are summarized in Table VII. We are now using Disco II, a fully automat=w
‘ersion of the Disco I.
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- N AUTOMATIC WATER PRCRE TESTING
Microwave Associates, Inc. designed and huilt an ai moedc est sys-s
t~r wafer probing and testing packaged Schottky btacri» 8 e tew

.qnieasures junction or total capacitance at various bais voltages, breskdown

voltage, leakage current at various bias voltages, and forward voltage drop fnr

various forward currents. The system has been designed specifically for stati~
lischarge sensitive Schottky barrier diodes. Techniques for transient suppres-
ive been used to avoid damaging the devices being measured. Specific mias..

iave been taken to obtain capacitance data with high accuracy and repv-a._ i :

A Boonton 76A, the highest sensitivity capacitance bridge available todav
sed for the capacitance measurments. By processing data on forward ..l

-

versus forward current the DC slope resistance of the diodes can be obtainac.

The automatic system uses an HP 9825 as the system controller. A dua
Jdoppy disc data storage unit is utilized to swap subroutines in and out of the
controllers read and write memory quickly. The techniques of swapping sub-
routines quickly enhances the apparent size of the system's read and write
memory capability. Figure 12 shows a block diagram of the system. This syste:..

o

can provide a printed record of all devices tested.

On a second automatic test system for silicon junction devices, a wafer

5 prober has been modified to measure accurate capacitance of microwave
‘ diodes. A special probe and shielding arrangement was developed so that the
fringing capacitance is invariant to position across the slice with * 0.001 pF.

This design permits device junction capacitance to be measured to the same
accuracy, namely * 0,001 pF. The measurement technique has been very
successful in providing accurate data for C-V profile analysis and parameter
1istribution data for the silicon devices.

For this program, the wafer prober has been modified for acc .ro*-
capacitance measurements and interfaced to the automatic test kit for Schotiky

[ barrier diodes (see Figure 13). The resulting automatic test system permits both
accurate C-V profile analysis of the Schottky barrier diode slices and complete
100% wafer level DC testing of the diodes. This data is being analyzed for
patterns of parameter distribution across each slice for feedback on the success

a2

or failure of various processing methods. The test system also allows us to mark

and avoid packaging any bad diodes, thereby reducing package and labor over-

head cost.




HP 9828 R
LINE HP 9825 L e
PRINTER S
SYSTEM CONTROLLER DISC MENMOE J
] L
1
MULTIPROGRAMMER |
-
POWER SUPPLIES FOR STIMUL! b—-p
P
~ | -
VOLTMETERS AND CAPACITANCE
BRIDGES FOR MEASUREMENTS
[
SWITCHING NETWORK | !
J
|
,
! CRT TERMINAL CRT TERMINAL |
| STATION 1 STATION 2
{
! TEST STATION TESI 51A1IGR |
L S
FIGURE 12 DUAL STATION AUTOMATIC TEST SYSTEM FOR
PACKAGED SCHOTTKY BARRIER DIODE
D-21684
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FIGURE 13 CONPUTER CONTROLLED AUTOMATIC SCHOTTKY
WAFER PROBER
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6.0 MEASURES FOR REDUCING CHIP PACKAGING COSTS

6.1 Low Cost Ceramic Package Assembly

Efforts were directed at reducing the cost of assembly labor.
The standard ceramic, ODS-119 package assembly is shown in Figure 14. In
the case of low cost packages, the brazing alloy is directly deposited on both
ends of the ceramic cylinders. This process provides a more uniform deposi-
tion of the brazing alloy, thus elimination of the brazing washers as shown in
Figure 15 and 16.

This low cost package assembly eliminates the two small washers,
which previously had to be handled individually by an assembler, and also
enables us to mechanize the assembly process. This also improves the quality
of the final product with increased production capability and reduces the
overall cost of the package assembly as shown in Table VIII.

Copper cap and base are used to further reduce the cost of the
package from 0.45¢ to 0.39¢ each. Furhter cost reduction of the package may
be realized by sustituting palladium, nickel or silicon-platinum for gold plating
of the package (see Table IX).

6.2 Low Cost Semi-Automatic Bonding and Capping

Chip bonding is performed on a Mech-El hot gas bonder. A
gold tin solder preform is picked up by a vaccum tip and placed on the package
pedestal. Next, a silicon chip is picked up and placed in the same manner so
that it is resting on top of the solder preform. The operator then releases a
steam of hot forming gas which melts the solder and attaches the chip to the
package pedestal (see Figure 17).

Thermocompression wire bonders are used to wire bond semi-
conductor chips inside the ceramic package. In the past, Kulicke and Soffa

Model 420-D thermocompression wire bonders were used exclusively.

On the Kulicke and Soffa wire bonders, the operator must
control two hand operated micro-manipulators and one foot pedal. One micro-
manipulator controls the position of the bonding tips, while the other controls
the position of the gold wire. The foot pedal operates the wire feed.

-39_




CERAMIC

NICKEL

NICKEL PLATE TOP AND BOTTOM
1l  SURFACES OF CERAMIC CYLINDER

AN

Ni PLATE BOTH ENDS

BRAZE BASE OF THE PACKAGE
% ] TO CERAMIC CYLINDER
L
% -

]

BRAZE KOVAR RING TO
-] ] OTHER END OF CERAMIC
Z1IR1Z

D-17112

FIGURE 14 . STANDARD CERAMIC PILL (ODS-119)

PACKAGE ASSEMBLY
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FIGURE 15 CERAMIC PILL PACKAGE ASSEMBLY WITH BRAZING ALLOY
SEPARATE WASHERS (PRESENT METHOD)

D-12135
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FIGURE 17 DIODE PACKAGING
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PAST PRESENT

KOVAR CAP 6.3¢ COPPER CAP 1.2¢
KOVAR BASE 6.0¢ COPPER BASE 1.8¢
OTHER PARTS 5.0¢ OTHER PARTS 5.0¢
TOTAL COST 17.3¢ TOTAL COST 8.0¢

REDUCED TOTAL PIECE PART COST 9.3 CENTS BY SWITCHING FROM KOVAR CAP
BASE TO COPPER CAP BASE. ' .

- ene ek

TABLE VIII

DESIGN IMPROVEMENTS - PIECE PART
COST REDUCTIONS
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METAL PRICE/TROY OZ. COST/UNIT
GOLD (PRESENT PROCESS) $ 600 $ 0.032
PALLADIUM - 80% $ 160 $ 0.0038
NICKEL - 20%
(PROPOSED) =
SILVER (PROPOSED) $ 50 $ 0.0014

PLATING COST COMPARISONS

TABLE IX

_45_
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The operator positions the wire by using the micro-manipulator
and the wire feed pedal. When the wire is in position, the operator moves the
bonding tip into position by using the other micro-manipulator and then makes
a thermocompression bond. When it is time to break the wire, the operator does

so by applying pressure on the wire with the bonding tip.

Since these bonders were slow and inefficient, we have switched
to the West Bond Model-7416 wire bonder (see Figure 18). The main feature
of the West Bond Model-7416 wire bonder is that the gold wire is fed through the
bonding tip. Therefore, the wire and the tip move as one unit, and the wire
always remains under the bonding tip, sparing the operator the added burden
of controlling the wire replacement with one hand while manipulating the bonding
tip with the other.

Another important feature of the West Bond is that the wire
feed and the wire cut-off steps are performed automatically. Separate wire
feed and wire cut-off steps are not required. Also, the West Bond has only
one hand operated micro-manipulator and only one foot operated switch.

This system is capable of handling 750 chips per day as compared to 150 chips
per day by the present Kulicke and Soffa System Model 420-D.

The final step in the assembly process is capping. A gold tin
solder washer is placed on the kovar ring and then a cap is placed on top of
the solder washer. The entire assembly is placed in an oven to melt the solder
and attach the cap.

In the past, the assembler handled each package, solder washer
and cap separately. These three parts were placed in a capping boat which
held 100 units. The capping boat was then sent through a furnace to melt the
solder. We now use a GTI sealer, Model—7()0, for capping. The caps are
shaker loaded into a 675 position gréphite boat. The packages are also placed
in a 675 position boat after being wire bonded. The boat the packages are placed
in is compatible with the graphite boat. The solder washers are placed on top
of the caps and then the packages ar ‘'ransferred into the graphie boat so that
they are now resting on top of the cap and solder washer combination. This
graphite boat is then placed into the sealer. A current is passed through the
graphite which produces the heat to melt the solder.

The overall cost reduction is shown in Table X.
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PAST RATE NEW RATE

I ELIMINATE TWO MINIATURE 1000/HOUR 10,000/HOUR
' BRAZING WASHERS ;

BOND CHIPS IN 100 POSITION 100/HOUR 150/HOUR
' BOAT |
l WEST BOND WIRE BONDERS 60/HOUR 120/HOUR

INSTEAD OF KULICKE AND ;
' SOFFA WIRE BONDERS H
l WIRE BOND IN 100 POSITION 120/HOUR 160/HOUR

BOAT
' USE DAP SEALER FOR CAPPING 200/HOUR 1000/HOUR
I INSTEAD OF BELT FURNACE

ELIMINATE HANDLING OF 1000/HOUR 1500/HOUR
' SOLDER WASHER

TABLE X

PRODUCTION ADVANCEMENTS




7.0 Composite Platinum - Nickel Schottky Diode

This approach consists of sputtering sequentially 100 R of platinum
and 260 & of nickel on n-type epitaxial silicon wafers with windows etched
in silox. The wafer is then baked at 450°C under hydrogen atmosphere for
silicide formation. The nickel migrates through the platinum layer and forms
with the epitaxial silicon a nickel silicide below with the platinum silicide.
The nickel silicide lowers the barrier height of platinum Schottky diodes without
degrading appreciably the RF burnout performance of the device. The current
versus voltage characteristics of Pt Schottky and (Pt-Ni) composite Schottky
diodes are shown in Figure 19. The ideality factor and barrier height are

given below

Pt-Ti-Mo~Au {P1-Ni)-Ti-Mo-Au
Ideality Factor 1.06 1.06
(n)
Barrier-Height 0.80 volts 0.65 volts
(o)

This barrier height lowering of (Pt-Ni) composite Schottky diode is sufficient
to meet the contractural goal of 7.0 dB noise figure (SSB) at a local oscillator
power of 0.5 mW. The RF burnout resistance and performance was measured
at local oscillator power of 1.0, 0.75, and 0.50 mW. Results shown in Table XI
indicate that at 0.5 mW, the diodes exhibit RF burnout of 15 - 20 watts and
noise figure of 6.5 dB. These diodes meet the overall objectives of the present

contact.

7.1 RF Testing of (Pt-Ni) Schottky Barrier Diodes

(Pt-Ni-Ti-Mo~Au) and standard Pt-Ti-Mo-Au Schottky diodes
were tested for NF, IF impedance and rectified current. The diodes were
tuned for low VSWR (less than 1.5) at various power levels at 9.375 GHz in a
broadband tunable mount (developed under Contract Number N00173-77-C-0029) .

Noise figure, IF impedance, and rectified current were measured at different

-49-




A = (Pt-Ni) SCHOTTKY
B = STANDARD Pt A B

VE = 0.1V/DIV
IF = 2 mA/DIV
VR = 2 VOLT/DIV
IR = 104A/DIV

FIGURE 19 CHARACTERISTICS OF STANDARD Pt-Ti-Mo-Au AND
(Pt-Ni)-Ti-Mo-Au SCHOTTKY BARRIER DIODES

D-17371A
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local oscillator power levels. Noise figure of the amplifier was 1.5 dB and a
16 ohm load resistor was used for the measurements. Results are given in
Figure 20 to Figure 22. The (Pt-Ni) and standard Pt-Schottky diodes exhibit
low noise figure of 6.5 dB (SSB) at +1 dBm power level but (Pt-Ni) Schottkys
exhibit lower noise figure at -3 dBm power level. This is due to lowering of
the barrier height duie to nickel. Similar results were observed in rectified
current and IF impedance characteristics.
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8.0 TECHNICAL REPORT - PHASE Il (Manufacturing Phase)

8.1 Introduction

Final Pilot Line production of diodes for this contract was
commenced on June 15, 1981. Process and specifications were documented
on the Wang Processor System (see Table XII). Ten (10) three inch silicon
wafers were processed following the procedures established earlier in the
program.

8.2 Production Line

T he production line for manufacturing the required diodes is
shown in Figure 23 and 24. The process steps and equipment utilized are
outlined in Table XIRX. Manufacturing cost of the complete diodes is summarized
in Table XIV. Labor time and yields are summarized in Table XV.

8.3 Environmental/Reliability Testing

T he extensive RF burnout tests using test set up shown in
Figure 25, environmental reliability and step stress tests were conducted on
a reasonable sample of the preproduction diodes. These tests showed that the
diodes are capable of handling 12 watts peak power (7= 1 usec, 1 KHz rep rate)
and are rugged enough to stand 200°C temperature for 1000 hours. The failure
analysis was also conducted on degraded and RF burnout devices using scan-
ning electron microscope and microspot auger analyzer.

8.4 Jan Format Design Reliability Testing

Two hundred diodes were randomly selected from the pilot line
for Jan Format Testing using appropriate tests taken from Tables IB(b) and
V in MILS-19500 F. The verification testing schedule is shown in Table XVI.
The testing was monitored by a resident DCASR-QAR. The diodes passed all
the subgroups and thus demonstrate the reliability and ruggedness of the
device design. (For dctails see Appendia C).

8.5 JEDEC Registration

This diode was assigned identification No. 1N6477 for JEDEC
release No. 6983, dated November 10, 198l. For details see Appendix B.
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METHOD

PRESENT COST

COST AFTER COMPLETION
OF THE CONTRACT

® Processing
Silicon Chip

e Chip Approval
MIL Specs

® Diode Mfg. Cost

o Initial DC &
RF Test

e Final Screen &
MIL Std Testing

TOTAL

$ 2.00

$ 5.00

$ 8.00

$25.00

$30.00

$30.00

$ 0.50

$1.10

$ 3.00

$ 9.00

$10.00

$10.00

-67-
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SCHOTTKY-BARRIER DIODE
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OPERATION LABOR-TIME LABOR-TYPE YIELD
Gen. Runsheet-
Define Process Limits .5 hr Eng 100%
Slice ID 10 min - Operator 100%
8 wafer lot
RCA Clean 1 hr. Operator 100%
L.T.O. 2 hr. Tech 100%
Photo 1 3 hrs. Operator 95%
Etch Oxide .5 hr. Tech 85%
RCA Clean 1 hr. Operator 100%
Pre-metal Dip 10 min. Operator 100%
Metal I (Pt-Ni) 1.5 hr. Tech 100%
Sinter .5 hr. Operator 100%
Excess Remove .5 hr. Operator 100%
RCA Clean 1 hr. Operator 100%
Metal II (T/W-Au) 2.5 hrs. Tech 100%
Photo II 3 hrs. Operator 95%
Metal Etch .5 hr. Tech 90%
Strip Resist .5 hr. Operator 98%
Mount Wafers .5 hr, Operator 98%
Barrel Etch 1 hr. Operator 90%
Sandblast .5 hr. Operator 95%
Ni Strike .5 hr. Operator 100%
Au Plate 1 hr. Operator 100%
Dismount Wafer .5 hr. Operator 98%
Clean .5 hr. Operator 100%
Plate Button 1 hr. Operator 100%
Eng. Evaluate .5 hr. Eng. -
Wafer Mount .25 hr. Operator 98%
Die Separate .25 hr. Tech 90%
Tach. Probe .5 hr. Tech 75%
Dismount & Clean .5 hr. Operator 95%

TOTALS- Op.Time
Tech Time
Eng Time

16.95 hrs
7.75 hrs
1 hr

TABLE XV HIGH BURNOUT-SCHOTTKY LABOR CHART

- Spp—
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TABLE XVI
LIFE & ENVIRONMENTAL TEST SCHEDULE/SUMMARY
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8.6 Pilot Line Diodes

Three hundred pilot line diodes were shipped to Naval Research
Laboratories, after completing the Jan Format Design Reliability Testing.

8.7 Product Data Sheet

This diode is being manufactured in production quantities at
Microwave Associates and is now available for sale. A data sheet on these diodes

is already published (see Appendix A) and circulated.

_’/3_




9.0 DELIVERABLES

Three engineering samples, each consisting of 25 diodes and pilot run
of 300 preproduction samples were fabricated. Test data of these devices are
given in Tables XVII to XX. All devices were shipped to the Naval Research
Laboratory.
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MICROWAVE ASSOCIATES, INC.
SEMICONDUCTOR DIVISION
DIODE TEST DATA PAGE OF
I M.A. PART NO LOT NO. ' 5.0. NO. QUANTITY SAMPLE A START / /
l | j glcome. /s
I'CUSTOMER CUSTOMER PART NO. ICUSTOMER ORDER NO. | OTHER DRAWINGS y o
| | I T *2513°C
! : 1 l Uniess Noted
;PARAMETER; i ]
tresr J I ! i ', : :
:‘CONDITIONS" \%:} | Rs : CT NF : . VB . Rg Cp NF E i
LIMITS ‘3 | ! 1 , ; T I
Souwranmenal] DC & RF Characteristics of Silicon Ion Implant Schottky-barrier diodes
{(volts) () ' (pF) | (dB) : ~(volts) (1) . (pF) (dB) i
L _#1 ] 5.4 23 | 0.27i 8.0 L #26 ' 11 ' 25 10.18 6.50 .
#2 5.4 22 0.27, 8.3 [ #27 ' 8 | 25 0.18 6.70
| #3 | 5.6 22 0.27, 8.1 428 . 10.5. 25 0,18 6.75
%4 1 5.6 22 0.27! 8.5 _#29 | 9.0; 24 0.19 6.70
| #5 5.7 22 . 0.27, 8.2 , #30 9.0 27 0.18 6.70
' a I i ! |
T30 ked R SR
.46 1 4.0 16 . 0.76[>15 T z
| #7 3.9 . 1le 7T 0.74:>15 - —
| 48  15.0 23 | 0.43!>15
| 49 4.7 126 0.38]>15 | ;
L 410 4.1 26 | 0.410>15 | . .
| 40 kev ¢ } } T ﬁﬁ
11 50 19 1 0.427>15
| _#12 [ 1.90 ., 20 0.37 >15 |
. #13  j1.20:'20 . 0.33, ”15
| #14 [ 1.50. 27 ° 0.40/>15 |
' $15 11.50 24 . 0.20!1215 ‘ X
! ‘ ! | ;
| , »
' 20 ke it . ‘
$416 ] 1.20: 19 . 0.42:>15 i T i
$17 | 1.50 18 | 0.48[>15 ¢ ‘
' ¥I8 | 1.80 I5  0.56,>15 | 1
#19 11.50 21 0.48] 215 | v ;
[ #20 [ 2.201 20 | 0.49/>15
' " r | \ | ; A
10 kev ‘ ? | L ‘
421 | 2.20 21 © 0.48/>15
' [ #22 1 260 9 0. 73S 15 — —
. i 4 A .
| 423 1.401 12 0.60,>15 | ‘ \
| #24 2.50 9 ' 0.53[>15 R B ‘
l o %25 2.80 8 .67 >15
« ;f ‘ ‘ e ‘ N |
E’ , . TABLE XVII . ‘
3 [ ‘ i TEST DATA - IST ENGINEERING \ ' ?
21 | ‘ . : SAMPLES (diodes . L
TESTEA/DATE ! N from various runs) —I— l l
‘ | | ~75~




MICROWAVE TASSOCIATES, INC.
SEMICONDUCTOR DIVISION

DIODE TEST DATA PAGE OF
M.A. PART NO. fLOT NO. 15.0. NO. QUANTITY SAMPLE ES"'—Aﬁ Vava
| l flcome. / /
CUSTOMER CUSTOMER PART NO. CUSTOMER ORDER NO. OTHER DRAWINGS T, =~2813%
NRL Uniess Noted
PaRamMETER| NF* Z”: RF** VB Rs CT
rest Burnout (10 pA) !
conpiTions)) dB ohm | Watts Volts | ohm pF : !
LIMITS 7.0 12
eovironmenuil “SECOND ENGINEERING SAMPLES *
Diode No.
1 6.90 | 420 |BO/14 18.0 | 16 0.27 M j
2 6.80 | 425 'BO/18 4.0 17 0.27 ; i ‘
3 1 6.8 | 410 14.0 | 15 0.26 ; i |
4 | 6.90 | 410 | 14.0 | 14 0.27 | : T I
A 5 6.8 | 405 14.0 | 15 0.27 ; ‘ !
7 6.9 420 4.5 14 0.25 i ! T
| 8 6.7 | 400 | 14.0 | 18 0.27 ‘» ' .
9 T 6.75 | 390 13.5 | 15 0.27 1 5 |
10 | 6.8 | 390 13.5 | 15 _ 0.28 ? T T j
14 6.9 | 400 ! 14.0 1 15 . 0.27 ! ! i i
16 6.8 405 | t 14.0 | 18 0.26 | . i
20 6.9 | 400 | 140 15 7 0.26 ! | j ] ]
21 6.75 | 430 |12 14.0 | 15 0.26 | I ‘1 i |
22 6.9 . 420 12 ! L 14,0 | 18 0.25 f 1
23 1 6.8 | 400 | ! 14,0 17 ' 0.26 ! ;
24 [ 7.0 %20 (12 14.01 16 | 0.26 . : :
25 | 6.75 ; 400 | 14,0 15  0.25 f T 1
26 | 6.8 [ 420 BO/16 14.0 16  0.26 | ! j
27 6.75 | 400 | 1.0 1 17 | 0.26 ! |
28 6.8 | 420 |12 140 | 16 | 0.24 j
29 7.0 | 430 |BO/17 14,0 | 17 0.25 L
30 6.8 | 410 | 14.0 | 17 . 0.24 5 |
31 6.9 | 425 (12 | 14,0 | 16 . 0.26 ' J Bl
32 6.9 | 42¢ |BO/18 | 14.0 | 16 | 0.26 ‘ N
33 | 6.75 | 405 8.0 | 15| 0.27 ! Bl
TEST CONDITIONS :
* fio = 9.375 GHz; P 5 = 0.5mW; Rj = 10ohms; NF. = 1.3 -1.5dB
** £ = 9,375 GHz; t = 1 usec; Rep. Rate = 103 Hz

*** CONTRACT OBJECTIVES: NF = 7.0 dB; RF Burnout = 7.0 dB; PLO = 0.5 mW

TABLE VIl SECOND ENGINEERING SAMPLE DATA
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VNI AW TUA M ¥ ta AW WA e, 10 9%, P 1B A (VM WP L W Mt T e

o
ELECTRICAL/MECHANICAL TEST DATA PAGE OF
M.A. PAAT NO, = LOT NO. SALES OADER NO. QUANTITY rAM..,_E ; % START 7 7
a4

CUSTOMERN CUSTOMER PAART NO. CUSTOMER PURCHASE ORDER NO. |OTHER DRAWINGS TA-:m"c

' Uniess Noted
Env
ool 3rd & FINAL ENGINEERING SAMPLES
lsarameTeni] | DC|& RF QHARACTERISTICS OF ISILICON (Pt i- Ni) | Schotltky Dibdes

irest ' ‘ ‘

CONDITIONS
; RUN_# NRIE3-2

LIMITS

|
N
1 1 VB(1old) Bs JonuBel 215 | "DCELL L |
|
|

Volts|Ohms [(pF) [ Ohms | mA dB |
|
J
!
t

Deavice
Na.

3.60 12 0.25] 480 0.75] 6.70
3.40 11 0.28| 540 0.70| 6.70
3.60 12 0.271 540 0.70] 6.80
3.00 11 0.28| 540 0.701 6.70 #l - 21 tgsted

.oV Ll U.27 olU U. 7071 .90

o to_ 10 WATTS
3.50 12 | 0.25] 460 | 0.70] 6.60

3

e

.40 12 0.261 460 0.701 6.70
A0 11 Q.27! 480 0.7Q0 1 6.90
3.40 11 0.26 | 470 0.701 6.60
10 3.60 11 0.27] 490 0.701 6,90
11 13.40 11 Q.27 470 0.70] 6.80
12 i3.60 12 0.27! 480 0.65] 6.50

———

Z 13.60 10 0.28! 510 0.70 ] 6.9Q

O [N] o o] Jroj—=
— A1 __ .8 __§ __1._ .

SUNES PUNES GINND VN S

14 13.60 11 | 0.27]1 500 | 0.701 6.80 | | -
15 43,40 ! 11 ! 90,291 =00 | 0.70! 6.70 | ? ? '

! 12 | 0.281 510 | 0.701 6.80 [ l | »
17 3.70 | 12 | 0.27! 190 | 0.70! 6.70 | | | | z
18 {3.40 11 | 0.29! 490 | 0.701 6.90 | ! i |
19 13.40 11 | 0.271 480 | 0,701 6.70 ? ' ‘ |
20 13.80 12 | 0.251 53¢ | 0.75| 6.80 | '
21 {3.60 11 | 0.27! 500 | 0.701 6.90 ! |
22 13.30 12 | 0.25] 510 | 0.70] 6.80 burnout @ 48 * !
23 | 3.60 12 | 0.27] 530 | 0.70| 6.80 burnout @ 92 l
24 3,40 12 | 0.251 400 | n0.751 58.90 hurnont @ ds i
25 3.40 12 1 0,271 340 | 0,751 6.80 burnout @ 40

{

| |

i * Test Conditions

= f1o = 9.375 GHz, Py = .5mW

f R, = 100 @

‘ NFip = 1.3 - 1.5 dB

' f = 9.375, T = 1 usec.,

Rep Rate = 10° HZ

TABLE XIX Third Engineering Sarpleg

s -— o o [ Nl e W eous s -ane - - -—— aemn - jtl-l -
H
o
(%)
[@]]
o
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' ILITTRICALMESHANICAL TEST SATA PAGE ¢ CF vy
TN SALES CAC SUANTITY ga0 z i 3ISTAAT 4
MLALALAT NG : = lL.... NG L 3MWES CRIEAR NO. l AN ‘s MPL !zi:\: / / /
.'.ST:‘JE’ TUSTSMER 33T NG, (SUSTIMER PURCHASESACTEA NC.  ST=ER 2A.4NGS :~ are=C2
NRL 88-2 ! i , [meas Ncraz
Lfsn—an::..L
et H |
PamamETINY | ! i I I i j : { !
5T ' J s i {
SNECiTIONS] Plo = },50 mw‘ R 4 100 Q‘ fo -19.375 GQHz l ‘ ;
l.Mt?S '| ' l ‘ RFr - ‘ r sec ‘ ‘ ; ‘ !
INe | 21F | 1dc | NF | w | | [ !
Sevics 1dB [ ohms | mA | | dB | ( ? | i
39 16,80 560 | 70 ! ' | ? ' ‘ f '
16,90 ;540 | .70 | l | | i i |
; j 6.80 | 540 { .75 | | | ! | ! : !
1 6.70 {540 .70 | | f i ! ' ! !
t6.80 1550 i .70 l i * | ! ‘
16.70 540 ' .70 i E : i
45 16.90 550 .70 } ‘ ‘ !
16.80__'530 ' .75 | i l P15 ?
{6.90 450 | .75 | | } . 19.5 | i '
16.60 1520 i .70 | i i | 31 | | ! %
16.80 1520 | .70 | ‘ f ‘19 ! ‘ ’
50 16,90 Isso i .70 ! | 3 20 ! ' f ‘
7.00 540 i .70 - | 7.00 } « ‘
16.80 560 : .70 i 6.80 | !
17.00 {560 1 .70 | 1 7.00 | :
l6.80_ 1560 .70 | ' .80 | i !
55 {6.90 580 ! .70 | | .90 | | l '
16,90 'ses i .79 | | ¢ ag | [ | ! !
{7.00 'sug ! 7p ! { 2,00 1 * ‘ l :
{7.00 ‘suo i .70 ! { 7,00 ‘ | ' '
16.90 {540 |t .75 | [ 6.90 | [ l | ;
60 17,00 Isug | 99 ! {2 00 | ' ' i 1 :
16.90  Issg | 79 ! i g aop | ! ! ! f
i [7.00 560 .70 | { 7,00 | i i i 5
' 16.80 1550 | .70 | l6.80 ! t ! ! : ' !
6.90 's50 | .75 | g.ap ! l ! '
65 [7.00 540 .70 7,00 ! ' '
l6.80 540  i.70 ! lg.80 | ; : ' ‘ ‘ '
6.90 560 PL.700 '6.90 | ' é | ;
6.70  '550  '.80 ! '6.70
.80 1540 .70 ' 6. 80 :
70 6.90 540 20 6.90
7.00 550 .70 - 7.00
7.00 540 .70 .7.00
6.90 520 .70 6.90 - '
6.80 540 .70 16. 80 : ' ’ - ‘
75 6.90 540 .70 - ‘6.80 ' f e ) ‘

76  7.00 550 orO —-- 9,00 -i./9 4 ' s




l SLECTRICALMECHANICAL

TIIT 2ATA
MLALAAAT NS | = L3T NG, [ SALESCATER NO. | SUANTITY samPLE
- = ! | | | f
':-sr:mz: CUSTOMER 2137 NC. (QUSTIMER 3. ACMASE TR NG, ST-EACF
NRL 88-2 ! !
' “ran~eri3.! ‘E
[- 2 N 1]
' ' i i ! i
2AAAMETIRY | l l ' ! ! ! !
szsT f ' | " !
z=noimions]  PLol - .so:ﬁw R| = 100’9 fd - 9.374 GHz I ; | f
<IMITS I l . R&: =1 t l ‘ I
: T, 5eC {
INF | ZzIF | 1ac | | NF | wates | 1 ’ [ '
e ]dB ~ [ohms | mA | | dB | | i ! _ : ?
77 17.00 1560 | .70 | | 7.00 ‘ j ‘ ! : ’
16.90 {540 1 .75 | | 6.90 | ! ‘ ‘ ;
{6.80 1540 | .70 | 6.80 ! | | ' ! ’ '
80 16.70 540 .70 | 6.70 | ‘ i * ' !
(7.00 ‘550 @ .75 | 7.00 | i ! ' ' '
17.00 560 ' .70 ' 7,00 | ’ :
'6.90 550 . .70 | §.90 | ! ‘ ' 1 ' :
16.70 '550 | .70 | | 6.70 | ! ’ ' : :
85 (7.00 1550 1| .75 | | 7.00 | ' !
[7.00 540 .70 | | 7.00 | l ] 3 ; i ‘
16.80 1540 | .70 | {6.80 | i j ; : f
16.80 1550 | .70 .! | g.80 ! ' 1 ‘
16.70  '550 . ,70 - ' 6,70 | : : ' i
90 i6.80 540 .75 i 6,80
i7.00 540 { .75 | 1 7.00 i
[6.80 1520 .80 | i 6.80 | ! ] ;
i7.00 540 | .70 | | 7.00 | 1 ! : ' ’
i6.60 1520 ;.80 [ 16,60 | ! ‘ ' !
95  16.70 540 | .70 | i l i ’
16.80 1560 |.70 | | ! tog | : ; i
6.70 Iswo .75 | ? ' 131 | ; !
6.90  i560 l.70 | I | i 32 i ' ; ‘
6.60 'suo  1.75 | i ‘ 128 | ' J
100 §.70 560 .70 | | i 130 | ' f ;
i ' i I | 5 % ‘ : i |
I ' | | [ u | I ' .
f ; i ; | | ] |
[ | ' l '! i | . ! |
o ! : ! . ! i [ ! :
. i , ' ! [ :
3 g ; ! i
]
] ! i 1 ' ! ' : !
i i

———— R "_8.0: .. i




1

560

TLISTRICALMEITHANICAL TEST 2ATA PAGE g
MLA, FART O, ! = ILS’\O 1 SALESCRCEA NO. SUANTITY f;maus igFTii? s
' ' . fanus /S
TSER SUSTCOMER 2237 NC, ‘CUSTCME?’;ﬁCHASECizsavc,_:‘-ER:RARHVGE:'Aozsz':
NRL 88-2 ! Caiess Nemaz
| l | | i ! i | : i
' e | | T
PLo 4 .50 mv} RL|= 100 fJ fo j 9.375 GHz 1 | :
l | I | | l i | i ! l
T R R D N e
| ohms | mA | | | | | i ] ; ;
| 560 ! 70 | | l 4 { | [ ! |
} 560 | .95 | | | | | [ i \
530 | .75 | i l | | ! ' !
! 580 75 i ! | | : | a » :
i 580 ! .70 i | i | J ! f
1 570 ' .70 i | ] i
{560 - .70 i i ! ’ ! ! :
"' 570 75 | | | i ' : é
1570 « .70 | | ! : ! j
is80 i .70 ! ! i | | j i : x
I570 i .70 | ! | , i ? . )
1580 i .75 | 2 ! i ! ! ‘
570 ' .70 5 ? ‘ ;
‘560 . .70 f i '
1570 .70 ! i ! i ’
1560 1 .70 | i ! s s :
isgp | .70 | i i l ? i ' '
'se0 .70 ! I t ; ! ,
560+ .70 ! i l i f i
1560 i .70 ! ! l ! 1 i ;
1560 .70 | i | | | i e
ls60 ! .70 ! | | ! ! i i '
lcen | ge | i | ; ! ! i
'sg0 ‘.79 | { | ' i ! !
1560 l.70 | | | % | ! : :
560 [.70 | ! ! ! ! ! '
560 75 ' ' ! {
570 i,70 | | | : .
570 1,70 ! : i ~ ! '
560 ‘.70 ! | '
560 .70 ' i :
560 .20
550 .70
560 .75 ‘
560 .20 : :
560 20 ? ! : ! ' ‘
570 .70 = ’
S F0-— e Sl -8l-. o




' ZLZCTRICALMETHANICAL TIST 2ATA PAGE CE o
A PAAT NC. [ = L7 Ne. 's;-'.ssca:aa NC. SNANTITY f;mni ;2;57.:.4::' Ve
! HEL /s /
'3'.':,-.\5= CUSTZMEA 3237 NC. [CUSTSMER SUACNASECIISANC. ITREAITANNGS - .iem:
NRL 88-2 ! ' i Uniess Neltez
s i
'aanmsfsm} | | g | ; | ! i ! i
l-:s-' , ' ' 1 ‘ ' | |
ineiTiensi PLo - |.50 mW‘ R, L 100 Q\ fo -|9.375 cle | ! |
INe | ziF | 1dc | | | | | | I ! |
et { dB | ohms! mA | | i | i ’ ! ;
' 139 { 6.70 | 560 | .70 | | | | ! 1 : !
140 | 6.80 : 560 | .70 | I | [ [ ; i i
41 4 6.70 | 560 | .75 i { [ | | { ' ! '
' 142 | 6.70 ¢ 560 .70 . ! | ! i * ‘ ‘
43 1 6.70 1 560 . .70 . | | i ! ! '
r 144 | 6.80 . 560 | .70 i E ; i '
145 1 6.60 . 560 . .70 i | l , ;
146 16.60 ' 560 ' .70 | | I i ~ =
l 147 16.70 {570 1 .70 | | % i ‘
148 |, 6.60 | 560 : .70 ! [ = t i i ' :
149 | 6.60 ' 560 | .70 | f ' i i !
' 150 16.70 ' 560 ¢ .70 | § ' ' :
151 ' 6.70 ' 560 _: .70 ‘ " ' ‘
l 152 16.80 ' 560 i .70 ° i ] j ‘
153 16.70 560 @ .70 ? : :
154 16.70 . 560 ' .70 | ! ‘ ' !
l 155 i6.80 's560 ! .70 1 i '1 | ' i ! '
156 ! 6.7 1560 i .70 ! i ‘ ' : !
157 {6.70 1560 | .70 | ] I i | :
l: 158 {6.70 1560 | .70 ! ! ! 5 ; ' '
160 16.60 560 | .70 | i | ‘ " ‘
161 {6.80 1560 | .70 ! l ! | ? : ;
l: 162 16.70 !seg ! .70 | l ‘- i : '*
~ 163 16.70 {560 ! .70 | ! i ! i i 5
164 16.70 1560 | .70 | I | ? ! | ’
' 167 46.80 __'560 | ,70 | i ? ’ ' ‘ :
: 1686, 70 560 .70 ‘ ‘ ! '
| l 169 16.80 560 ' ,70 " ! f : '
= 170 l6.70 560 1 .70 ’ ; ‘ ! ‘ ‘
3 171 _'6.70  '560 .70 ’ : '
4 ' 172 :6.80 1550 . .70
173 .70 560 .70
174 [6.70 560 .70
l: 175 6.80 560 .70 .
176 __6.60 560 L 70 : '
177 /6,70 ‘seq ' .70 ‘ ' ‘ , ’
FUS 16,80 '560 20 ' f

17 £.70 560 .78 b -82-




ZLICTRICAL METHANICAL TEST SATA PAGE g OF 4
LAL22AT NG, i = LOT \C. [ SALIS0ATEIA NC. | SWANTITY SAMPLE };s‘.:.a-r v
L ‘ , l { ! { ;!:‘vb s/
I.3TSazR CUSTSMER 223T NG, [ CUSTIMER 2LUACHASECIZZA NG, TT=IR SRAMNGS Tamte=t:
NRL 88-2 " \ i Cnless vetas
S orSnmmentan
(2431 3
'Ma.\mgfzax} . f I i l ! ' ‘{ ;
renGitions] PLo = .50 m | Ry 100 Q( fo § 9.375 #‘.Hz l i ! l ‘
| | | T T T
t INE ] ziF | de | NE 1 l { I | !
' W {dB__ | ohms | mA | la | | \ | | a
. 180_16.70 I sep | 79 | i | l ! |
16.80 {5560 | .70 | i | [ ' i i
l 16.80 1580 | .70 | - | l | | ! * ! :
16.70 1560 . .70 | | | i i ! ! ‘
16.70 560 .70 ! { [ ‘ | |
' 16.70 1560 ! .70 n i
16.60 (570 . .70 ! } | '
' 16.70 '560 ' .70 | i | *
: 16.70 1560 | .70 | | : i i ‘
, 16.70 1560 .75 ! i i I ( i !
' . 190 16.80 !560 | .70 | ! l i | i '
'6.50 1560 i .70 ! | { ' i ' ‘
16.60 !560 . ,70 - i ; ' 5 |
' 16.70 i560 .70 ! ; ; ' '
i6.70 {5606 1t .70 i 1 !
{6.70 1560 C 700 i | { i
' {6.70 i560 | .75 i ; | ! } ‘
16.80  'sg0 i 70 | ! ‘ ‘ i ‘ !
16.80 i560 ! .75 | i | = I i
l 16.60 1560 1 .70 | ! 1 ‘ l '
200 16.70 1560 | .70 | i i | | |
l |6.80 |560 | .75 ! l | 1 l i ; '
: {7.00 iugo | .so | | | ; | f i
: f7.00 {490 .89 | ! | s | i ! *
; .75 (1490 j.80 | ! ! f ' . : :
; 6.90  '570 .85 | | ! ! I ; '
: ! .00 480 .75 i i l { l :
- : b.o0 500 ! .8p | l | ! : 5
o V.00 500 |.95 ! ’ 3 ! ' ' ' |
1 - B.50 520 .75 f ! f ;
210 V.20 560 .80 ' ' | ;
6.85 540 .80 ' i
e ] 6.90 500 .80 ‘ §
j 6.80 440 .85 :
- 7.00 540 .80 '
s I : 7.00 560 .75 . | : ! : ;




l SLICTRICALMECHANICAL TEST SATA PAGE 7 OF 4
' = o7 \C. T5ALI309023 V0. SLANTITY SamPLE L I'STAAT ;s
e T T | A
l.—s;:-ns: SUSTOMER 2AAT NG  SUSTIMER 2 ACNMASECIIIA NG STRERZAIMNGE < aexi:
NRL 88-2 | | ‘ e
l’;._, e
2 RAMETIRY i | i ' i ! ' | i
l._-c- ' | | i 5 s
F 8. PLo —. .50 me RL‘= 100 Q) fo 4 9.375 (llﬁHz ‘ | 1 | .
| S P I R S AN R
g INE {21F | 1dc | | NE ! ! ! ! ? |
L § g 1dB_ |ohms | mA | 1 dB i | \ ! ? ‘
%3 l 218 {7.00 1560 | .75 | | 7.00 | ' ! ’ i ‘
308 17.00 1560 | .75 | 7 0p ! i | ' i *
- l 220 7.00 1540 | .go | | 7,00 | ! ! ' ‘ f
H 17.00 (570 . .80 | 7,00 ! ‘ i J ’ i
3 '7.00 ‘s20 - .80 | 2 0o ! ! ! (
f 3 ' 17.00 !560 | .80 ! 7,00 ! : !
| 6.90 550 ., .80 | 6.90 ! ‘ f ‘
B 17.00 1530 ' .80 i | 7,00 | ' *
& l {7.00 i560 | .80 | | 7,00 i :
& 17.00 1520 | .80 ! 7 0p ‘ ‘ f '
) l 17.00 1520 | .80 ' 2,00 ' :
: 17.00 'se0 | .80 ! ' 7.00 ’
p 230 _'7.00 ‘540 P .75 | 7 _0g :
l [7.00 :540 .70 00
i7.00 1530 i .80 | (7,00 i

17.00 i560 ' .80 ?
[6.90 560 l .75 1

'7.00 560 i .80
6.75 1540 .75 !

I

|
6.50 1570 | .80
6.u45  i540 .80

|

I

l .00  I540 .75
240  5.60 490

!
|
1
|
5.80 (540 1,70 |
|
|

o PN NN NN
DI D . |-

-l

-l

)

i i |
.25 540 |.80 : E i ? ,
6.65 540 i.80 = ! | : ' |
6.55 550 .70 l l f ‘
6.45 540 .80 | l n ! '
7.00 650 .80 | ‘ ' ' '
6.80 550 '.80 ' : '
6.80 550 .75 !
7.00 520 .85
250 7.00 600 .70
6.90 550 .80
6,20 560 80
6.50 560 1, 75 ? ! : : i ‘
6.60 860 a5 ' . ’ ;

255 6,50 550" -;¥O--- - ¥ M . g 7 .
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' 256 {6.90 {580 | .75 | } 6.90 | i ! ! l !
257 }6.50 1590 | .75 | | 6.70 | i | 1 | i
258 {7.00 (580 | .70 | | 7.00 | i ! | ; '
' 259 (6.70 1570 @ .70 | | 7.00 ! ‘ i ‘
260 !6.80 1560 i .70 | | 7.00 | ‘ i 1 ;
l 261 16.70 590 1 .70 . 1 6.70 | * '
262 16.50 590 .70 | 6.80 |
263 16.40 !570 ' .75 | | 7.00 | '
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r | 788  B.75 540 .75 16,75
f ] 789 6.70 560 .70 16,70
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., 291 7.00 540 .75 ! 17.00 ! : ' ’ '
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10.0 CONCLUSION

High burnout, low barrier height silicon Schottky barrier diodes have
been manufactured in production quantities. Low cost production measures,
such as 3 inch silicon epitaxial wafers, plasma etching, semi-automatic bonding,
low cost pill package, semi-automatic bonding and computerized semi-automatic
DC and RT testing were introduced to reduce the cost of the diode.

These devices are thermal compression bonded in a rugged low cost
pill (ODS-119) package. They exhibit an overall low noise figure of 7.0 dB
(single side band) at 0.5 mW of local oscillator power level and RF burnout of
12watts (7= 1 usec, and 103 Hz rep. rate).

Reliability and ruggedness of the diode design has been demonstrated
by tests taken from MIL-S~19500 F.
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11.0 FUTURE WORK

Future generations of Navy missiles such as Phoenix, AMRAAM, CRUISE,
HARM and Harpoon will be using Schottky barrier beam lead diodes to satisfy

" the requirements of microwave integrated circuitry. It is recommended that

Navy should initiate the Manufacturing Technology Program to manufacture

low barrier height, high burnout Schottky barrier diodes in production quantities.
This will reduce the price of previous beam lead diodes of $30 per diode to $10 in
production quantities.

The resultant diodes from this program will be more rugged, low barrier
height and with high burnout resistance to RF pulses and also less susceptible
to handling damage (static charge).
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‘h M/A-COM
SILICON PRODUCTS, INC.

MA-4E390 Series
High
Burnout,
Lower

Barrier
Schottky

Mixer Diodes’
L—Ka-Band Operation

Description

These specially fabricated Schottky Barrier Mixer
Diodes offer exceptional resistance to RF
burnout while retaining desired operating
characteristics. These silicon diodes are of
planar epitaxial construction. The fabrication
methods include highly accurate thicknesses
and material resistivity coupled with tightly con-
trolled photolithography, metallization and
passivation techniques. The results are uniform
RF and IF impedances provided by the very tight
tolerances in junction capacitances. Separate
devices are designed for use in L-Band through
Ka-Band.

High reliability versions screened to MIL-STD-750
are available. The tables at the rear of this
bulletin give the recommended screening and in-
spection procedures.

The case styles recommended for optimum RF
performance along with high reliability capability
are of the bonded diode construction with
ceramic metallized hermetic seals. These case
styles are the 119, 120, and 186. The 119 case
style is recommended for waveguide or coaxial
broadband applications through Ka-Band. It is
also utilized in stripline circuits where the
diodes are mounted in a coaxial section at the
end of stripline circuit boards.

* Developed under Navelex funding and improved under Navy's
manutacturing technology program.

SEMICONDUCTOR DEVICES

Features
B HIGH BURNOUT LEVEL

S LOWER BARRIER HEIGHT
BLOW NOISE FIGURE

B PASSIVATED CHIP
CONSTRUCTION

BUNIFORM ELECTRICAL
CHARACTERISTICS

HIGH RELIABILITY

The 120 case style lends itself conveniently to
stripline applications and can be modified in an
alternative configuration with 4 x 20 mil straps
connected to anode and cathode for easy
mounting.

[ ] L]
Applications
The MA-4E390 series of lower barrier silicon
Schottky diodes shows optimum noise perfor-
mance at 0 dBm and is recommended for mixer

applications where low L.O. power is available
and high resistance to burnout is required.

Burlington, Massachusetts 01803 B Telephone (617)272-3000 B TWX:710-332.6789 B Telex: 949464
Bulletin No. 4225




Specifications @ TA = 25°C
ELECTRICAL CHARACTERISTICS

SCHOTTKY BARRIER MIXER DIODES'?*
Test Frequency (GH2) 1-8 8-12 12-18
Maximum Noise
Figure (dB)* 6.5 7.0 7.5
Maximum VSWR (Ratio) 15 15 1.5
IF Impedance (Ohms) 300-500 | 300-500 | 300-500

Typical Performance For MA-4E390

RF PARAMETERS*4
imw 0.75 mW 05 mW
NF 'D.Q Ziet NF ] $ £ M -
(d8) (mA) | 'WhlmLI s | @B) (% quf-» d8) (mA) % ‘
6.5 1.2 420 6.6 0.9 450 6.8 0.5 500

Summary of Model Numbers, Frequency Ranges and
Applicable Case Styles

NOTES:
Model Frequency Case ’ 1. All units available as matched pairs by adding the suffix "M",
Number® Range (GH2) Styles Matching criteria for packaged pairs: ANF, = 0.3 dB, maximum,
MA-4E390 | 18 119, 120, 186, 54, 3, S i oV O 210 Y maximom st g 10 .
135 and 185 2. Rg is typically 8.0 ohms. ) )
3. Junction capacitance at zero volts is typically 0.1 pF.
MA-4E391 8-12 119, 120, 186, 54, 3, 4. Test condition: Noise figure is single sideband measured with
135 and 185 30 MHz IF, NF ¢ = 1.6 dB maximum and L.O. power = 1.0 mW.
Excess gas tube noise at 9.375 GHz is 15.3 £0.5 dB, 16.0 GHz
MA-4E392 12-18 119, 120, 54, 135 gas tube noise is 16.0 +0.5 dB.
and 185 5. Test frequency: 1 kHz
6. These diodes are thermo-compression bonded in all case styles
MA-4E393 18-26 119, 120, 135, and except in case styles 3, 54, and 135. The maximum solder
1 85' ! ! temperature for all case styles except 120 is 230°C for
f) seconds. For case style 120, maximum solder temperature
MA-4E394 | 26-40 120, 135 and 186 7. Gase style 135 15 a onip.
ENVIRONMENTAL RATINGS
MAXIMUM RATINGS PER MIL-STD-750
incident RF Peak Pulse W Method Level
Power (In X-Band) 12 Watts
148 12Watts Temperature Storage 1031  —65°C to + 150°C
Temperaturs, Operating 1028 —65°C to + 150°C
3 ns. 80 Watts T ture, 1081 5
DC Forward Current 40 mA emperature, Cycling oycles,
o ot —E6°C to +128°C
Temperature Thermal Shook 1058 5 +
Operating —65°C to + 150°C
- (] 0,
Storage —65°C to +200°C Moisture Resistance 1021
Shock 2018
Vibration Fatigue 2048
Vibration Variable 2058
Fregquency




|  Typical Performance Curves
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Application Notes

‘
B
“d
a3
L]
!
i
"

1. Electrical Test
2. High Temperature Storage 1031 t = 168 hours, T = 150°C
3. Thermal Shock (Temperature Cycling) 10 Cycles 1051 —65°C to + 150°C
4. Fine Leak Test 1071 Condition H
5. Gross Leak Test 1071 Condition C, Step 1
6. Constant Acceleration 2006 20,000 g's, Y1 only
7. Radiographic Inspection 2076
8. Electrical Test: VE @ 10 mA,
CT@V =0V,F = 1 MHz
9. Burn-In 1038 Condition B, t = 168 hours
T = 100°2C, 'F = 10 mA
10. Electrical Test: VE @ 10 mA, Maximum AVE = +10%
Cr@V =0V,F = 1.0MHz Maximum ACy = +10%
11. Caiculate Drift, A Vg and aCt
12. Final Visual 2071

Subgroup 1 15
Physical Dimensions 2066 Per Case Style in this Bulletin
Subgroup 2 20
Solderability 2026 Unit Aging
Subgroup 3 10
Temperature Cycle (10 Cycles) 1051 —65°C to + 150° C
Thermal Shock 1056 Condition A
Hermetic Seal, Fine Leak 1071 Condition H
Hermetic Seal, Gross Leak 1071 Condition C, Step 1
Moisture Resistance 1021
End Points:
Noise Figure See Electrical Characteristics NF
IF Impedance See Electrical Characteristics e
Subgroup 4 10
Shock—Non-operating 2016 1500 G, t = 0.5 ms, 5 blows, X{, Y4, Yo !
Vibration Variable Frequency 2056 Non-Operating ‘
Constant Acceleration 2006 20,000 Gs, X4, Y4, Y2
End Points: ‘
Same as Subgroup 3 j
Subgroup 5 A=5
High Temperature Life 1031 Ta = 150°C, t = 1000 hours
End Steps: Per Step 8, Table Il Drift ]
Criteria same as Step 11, Table Ili ‘
Subgroup 6 A=5
Steady State Operating Life 1026 Ig = 10mA T = 25°C, t = 1000 hours
End Points: Per Step 8, Table Il Drift
Criteria same as Step 11, Table Hi

All specifications are subject to change without notice. 11/81 Printed in U.S.A.
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JEDEC

Solld State Products Englneerlng Councll

2001 Eye Streest. N. W,

ANNOUNCEMENT Washington,D.C.20008
(202) 4867-4071

of

Electron Device Type Registration
Release No. 6983

November 10, 1981

The Solid State Products Engineering Council announces the registration of the
following electron device designation:

IN6477

according to the ratings and characteristics found on the attached data sheets
on the application of

Microwave Associates, Inc.

Burlington, MA.

All data submitted for registration, whether designated mandatory or not, become
part of the formal registration. Upon publication of the release, commercial
data sheets must include all data exactly as registered with all registered data
identified by asterisks. )
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TWX (710) 822-0148 - Teloetax(202) 4687-4088
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IN6477

high burnout, lower

-55°C to 150°¢C

1.0mA

23.0v

12 watts

80 Watts

J§-3
RDF-3

I
I JOINT ELECTRON DEVICE ENGINEERING COUNCIL
‘ REGISTRATION DATA
I DIODE, MICROWAVEZ MIXER
I. General Description
l This device is a silicon schottky barrier diode N/N +,
barrier, silicon diode designed primarily for use as a first detector in the
frequency range of 1GHz to 18GHz.
' II. Mechanical Data
l A. Qutline
OD-S-119 - Figure 1
' B. Polarity
This is a reversible polarity device.
I III. Maximum Ratings
l A. Temperature
1. Storage temperature range, Tgeg
‘ B. Curreant
a 1. Average rectified current, I, @ .45V '
l C. Voltage
1. Peak inverse voltage at 10uA
' D. Power dissipation, 25°C ambient or case temperature
Ry = 25 obms
l 1. Peak power
ty, = 1 us, Du = 0.001
P
2. Single Spike Power
tp * 3usec; Du = 0.001
1 e
A.V_i_ . “ . ° "

PRSPPI
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JEDEC TYPE NUMBER

Iv. Electrical Characteristics, 25°C Ambient Temperature

A.

Dynamic - Holder Per Figure 2

1.

Over-all noise figure, Npo

fo - 9-375GH2, FIF - 3OMHZ, Io =
or Pro = laW, Ry = 25 ohms
Conversion Loss, L¢

£, = 9.375GHz, Fry = 30MHz, Io =
Pro = loW, Ry = 25 ohms

1F impedance, Zjf

fo = 9.375GHz, Fif = 30MHz, Ip =
Pio = lmW, Ry = 25 ohms

. 'VSWR

fo = 9.375GHz, Frp = 30MHz, I =
Pro = lmW, Ry = 25 ohms

1.0mA

1,0mA or

1.0 mA or

l.0mAor

Min. Max.
— 6.5 4dB
-— 5.5dB
250 450 ohms
-— <1.5

JS=3

RDF-3
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Evaluation Of .

High Burnout, lLower Barrier

Schottiy Mixer Diodes

Contract #5NU0173-79-0107

hurnout while retaining desired operating charzct-
They were developed under Yaval Research
#N00173-79

I~C=-0107,

istics.
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Administrotive Data

il Ayt
]

1.0 Purpose of Test: To evaluate the high burnout X-Band Silicon

: Schottky Barrier Mixer diode developed on contract
#N0O173-79-C-0107 to the quality conformance
requirements of MIL-S-19500.

2.0 Manufacturer: Microwave Associates (M/A-COM)
Burlington, MA

| 30 Manufacturer's Type cor Model No.-  NRL-88-2

} . 4.0 Orawing, Specification or Exhibit: Statement of work from above
: contract.

50 CQuentity of Items Tasied: 184
e . q , )
} 6.0 Security Classification of ltems:  yor classified
]
70 ODate Test Completed: November 24, 1981
| - .
’ 80 Test Conducted 81: Microwave Associates Inc. - Silicon Products’
1. Quality Dept.
' 3.0 Disposition of Specimens: Hold for disposition
o A
X
_ 1 10.0 Abpstract: The units were tested in accordance with this quality
s conformance requirements of MIL-S5-19500 for JAN type

devices. Groups A,B and C testing was satisfactorily
“ . performed by Microwave Associates quality assurance

' personnel and audited by DCAS quality representative.
These devices met all applicable requirements

(2%

Repcrt No. Page

) MICRCWAVE i
@ ASSCCIATES, INC. o

] 1 . BURLINGTON, MASS




01-96  05-9Y z\m_
S3021Indd 01 96¢-GL¢
LooNdang (x4

44 1VIDadS €0

et r——

L I
2ST-8ET <6-1S 0£2-912 | | a
Sl <y o1 “ ‘ ¢ JdnGAIaNs
0 93 | 7o O duowy
4
| | |
w 1 !
_ R _, , | N _ clz-10z N/S
wLT-€ST ze-1 V/N w 7roLe S6-T¢ | 1 LETTOlC | SN T
(44 € A Sy R Looee ! 1 dnodoins
| 94 s | ve | | g dnomy’

LS. ﬁ
voodnoun |

SA'TaVS 1€Al 40 NOILVOOT1V
NOLLVIVAT 10010 AMNILOHOS YALMUVE WANOT LOONMAY HOIH

— e

e T




- UL e
el Rt b o « / ~ etz SN |
R AN 0l \m \9 I =
% =C ‘ -y | O e L sanoy (yg | €01 | 2¥e103s/oJT ﬁ.._c
FIL \\ A\E /i, : ~dwor TH |uns
A AN 2 R 2/ A IS P ‘.\_“cy “fer]er ) souvisysay [ 90
\\\ m&v.. N ‘ 0| Cl 1ewaoyy fans
-hs (7S ssTing | - et :
&Wﬁ.\s %ﬂ:o: 01 w\gwwmu <£3) \: \\., S foi 11 o i1loz €0z | 1a8uaazs puoy
[ S Hy T P
W@i e s a1 e c\..\ el el - 0z | (ensTA “auL b dD
[y e desog |uns
b/ Dy <, 1., *§14 pulg
\ . St (& m_.?
ol i (1 - 129104
N\ Ui A wlo ®rZoh *‘. uyacaado) 311K d9
ol | /o ol 2 4 (12 I SANOL OBl | LEOTY 5aeag Apeats Juns
18] €y P e 2
ﬂ 42 12/ celo |or 53J puy
; g ol v ©30213
Al N Prvd Crlalie . o1 sso
“f . vl YL 2 ‘puod | 1401 jed] ssoay
reob Joer}y o fal _
~o /7L g B S B
/! \..M: Jo; B 17 B b n cpuod | 1/01 3ed Buryg
@\ = v v 10 -puos 189y 3
e N vi/. Lt ofeefot > | 1501 Adous [z do
% el A sa14s ¢ femaayy |uns
. . 27 L. N
s70¢h g qv || < \ I S N B zz01 sjuontos
_,ﬂw ¢ } \: 01 01 2ourIs|suy
o SIc-roc e 1A izl o . —
.@S \ﬁ.\u \ ity \n\ c\ v\.,_ Sl eretle 970z |4311T1qUIapPIOS {{ du
<o) 4 i .: Jol | /¢l ans
040 S»UvwaIy | aieq | aieg | aeq aeq S a oN
uay T oN qor | ‘dwog | ueis | ‘dwod | uwis B L w W » o) Heonipuey el poayy,| PoLMOEEXI
“oN uotsnyjg jenioy poleusisy NE2LOT SINIWIHINOIY WVYOOUd
, 1104 :Ag pateniug & anss)| 4
7777 ‘ON OS V/W TG TLE A T oI 77 134 spoyiay.
P ey J00661~S-1IK ¥ad € dNo¥o . Bl i
= %N ~ 141y adAl v/W WoISIAIQ JOIINPUOINLDG ‘lw \\‘. "ON Vit g
_ svaana L - b E ] AYVWWNS/3TNAIHIS 111 TVANIWNOUIANT B 3311 0 d awogsng
39:Hm,ﬂ8|.n\m.unm9: Y, "ONI 'S3LVID0SSY IAVMOUIIN =T o)
GN3ID3T HIWOLSND ‘
- Ll 1
. : . - ~ ot y—y
o R e e gy ' r




ST A} muev |/ m\ b £ nibals s34 puy

.wo A /M\,}r/J // \: i 10013

i,,* EY AN oy 3\ .m\ ™ I R ‘AR 900z | voraeasjaooy

H\ . - 7 \: T " S AR Y Aa JurISU0)

w v. g ‘\ ey |92y 1l 9502 baxg -aep
: : hy /ol /ol ’ TN e

uoy IVIGYIA

w ”Jc V6T-SLT m> M\: !\o_ t\o‘ selo]zzfor] suwgro s ovosT | 9T07 Ad0qs  |gdd

soaued ¢ ans
Al 7 *_\ G ey | @ 221 ol ,
TR SRECIEAE g
: el puz 109
- kﬂ W 1)k »\ [{1EIE 1002 1enstA
I I i i " 1Eu193IXy
{ A SR i S\ otz 1201 adur3s}soy
~ \, _ T: i ol dINn3ISTol
1y / 7% T Y el [
Fo “ hil Cei | e K 1Ay 18 1£01 3ea| 55019

4 ) ; - : ,3.. )
IA\ m\: m\: .\\.. I ) \ﬂ.; / o‘.u Q q\ 1201 yrap ourl

* o.\ H . m, Tz , oy ) € anbiog | .
. \l \ m\ c<\ ol SR L0 R R ‘puoy | 9€02 yaduanrgy
| 1" 5 ; it @ " Teujwiagl
i - - —
) )ﬂ e - S0 \ﬁ Lw. Ly Qu\ Z\T o ZC |0l vV “puo) gCOT | A0S TeWIdv], 249
i . &) 2y ol ol upeals sser9g lung
I~y STTELLCY L oo b i Aibigaein
) @ ep =" sexlf W\} ., L\m_ 0\9 wilefst ot Lol L 9902 uoFSUIWE( TdD
- i dl >l Teasshuy funy
‘A0 SHUVWIY | aeq aleq aieq aeq . 1 . ‘ON . ) :
LY \\\.,«. % oN qop | ‘dwoy | ueis | “duioy | ues s ssal 3 w H M“ suopuog 1oy oYl Bapjuontinexy
"oN wosnyia jenbay pajenins3 NI[§lO ,__ S1IN3WIYINO JU WVHOOUM
. oleq LAg pulenwg £ anss)
) [ onosvm 400$6T-S="1II ¥id D dnoud (A RN A
i CTOT LELIN] ‘Bm(] 141()
RV adAl V/W UOISIAL 1012NPUOdIING m\\\ Opg Vv
_ aawdS3 1yl # _ AHVWAINS/3TNAIHIS 1S3L TVINIWNOYIANID B 31 ‘Q'd Wwaisng
SIDvd 'N-aluﬂlwos. ) .V TN ‘ONI .ww.—.<_00wm< JAVMOUDIWN — * \\ :::3“:...
) . aN3IDIT HIWOLSND ‘
4 -~
AR NP B e . —- . : r—e

Y.



", | W wfe o —HIrg 32
@J: ¢o, T. L.ﬂNz_l —pr2S
- .. T ‘C .Q ch
A \.\o i 8 §\ Ghl Q% 70
g 4 2 ﬁ I iy 193(3
Q«) q&mﬂ_«?cw% h I W\ m& o& 5K -i5h| - *s14 000T (Juraeaado) a311|9as
@ Jo woij mwansmm _ ol 1 0) 9z01{ 23215 Aprais {gns
SIC-TOE /S £€2) | b ——|—]st}st V/N aanssaid [cdo
¢\\\ @ o4 - \ = ol /ol . . o¥ajowoieg |gns
(R way c:ww:\ "1 fo w\ ¥ ‘s pz | A fst|st| TMTIOS 1901 | 23aydsowty yao
@ u i /i | /ol e 269D ates {ans
RdQ SHUYWIY M—ao aeQq .m.:uo -a.ﬁﬂm_ Sy 3sa ) 1 w H M SUONIPUOD 159 ) ..oﬂ...,..i 1531 /uoiteuruiexy
13y T oN qor | ‘dwo) | ueig | “dwo) 3|3 »
e "oN uorsng jenioy porewins3 NTajof1 SINIWIYINDIY WVHOOUM
F ON OS V/W ea HAa poreniiul # ans O.MVM OIS0 ¥4 spoyiapy,
\g MA‘\%—\W ey (QanNIINOD) O  dnoyus BmQg 1210
.vam.w_wd T adA) VW 7 UOISIAI(] JOIONPUOIILAS Tx\ﬁ ‘ON M1y
R T80T 7 AUVIWAINS/3TNAIHIS 1531 TVINIWNOHIANI B8 3441 '0'd #swoxny
31va 101 L .
mwc«.x"umﬂuolmlh 39vd 2¢C! *ON) "'SALVIDOSSY m><>>OIU:>_ ‘ dtb\\ .r....:.w\&.u

5

GN3037 H3IW0ISND

-




MICROWAVE ASSOCIATES, INC.
ELECTRICAL/MECHANICAL TEST DATA

SEMICONDUL . v wividin s

pace | oF 9

it

A

o ——

AP __

M Y20

>

M.A. PART NO. = SALES QADER NO. QUANTITY samPLE  |[QlsTaRT /5
1951~ Y911 _ f l?cm, .‘?/3&.,?‘
CUSTOMER CUSTOMER PART NO. CUSTOMER PURCHASE ORQER NO. |OTHER DRAWINGS |t .¢5=°-
Ny TH - Y ] ‘Unlcu Notes
T v @use Tesr
PARAMETER; N, ‘ ‘ ‘
z:-)i::mouus: qu = R = !qocn_, )(g 2 2F G'H#
AumiTs ' Mbd(’ ?%E‘l‘
ﬂ VF Z.F UF—
D.v-co ‘dB o/ums dB
,\- \ i €90 | Sbo 1.060
1 6.30 | Sbo .90 T T
i .90 | .ibo F.u0 H i
670 | Lo 530 | ] ! |
S 16.%0 | $65 ) 690 | I} | |
6.90 I Yo 762 | | | !
1 6.70 | S50 ;. WA i ! I
{1 690 | S5 |.. 1,59 | ] | }
| 6.80 | 4o |, 690 | | ! I
10 16.90 | 430 | 300 | | [ |
}£.F0 |Sbo I 690 | { i !
1 Z.%0 | 500 .95 { : : i
16.%30 | 560 | £¥p J | | i
1 {90 |5t o | 6.70 A ) A i i !
A VS {4 %0 [5¢o | #.op 3 a | s
f {¢.90 |Sie | 7.9 | | | |
St {16.%20 |40 ¢.90 | i { [
. 1% 90 1360 7.69 | i ! a
{ 6.%0 | SCO £. 90 [ l i
%0 { 6.7 | S So 6 20 !
{ £.90 | S50 ¥.c u
{1 4.% |Xéo 1.0 | ! [
1 4.80 | Sho $4an | { {
|1 6.70 | LCo ¢. 90 | i {
AN 16.30 | SSo | £.30 | | }
1 490 tS¢o 3.6 | 1 |
690 |suo 400 iR ! *
16.%0 1350 3.060 ~ i |
; L.90 | {So 3 .50 I 1 | {
| 20 1690 I Sho Cio | i iy ; O i
* | 6.%0 | S*0 { 6.90 | RN [ -' B
] | 6.%0 i Vo | . i §.9 | =N ] ' |
! 6.9 ! $So | ] | | l i - ;
; (.90 | Swo | . | [ [ ] ! - '
HEYY G .%o | S0 l [ I i ! ; .
P 1690 1 S 30 SN { i 1 i
! ¢ folsvo IS | | e
A R | ! ]




B

' X : MICROWAVE ASSOCIATES, INC. SEMICONDUL  wn wivisies o g ‘
AR ELECTRICAL/MECHANICAL TEST DATA . - PAGE L OF
l M. 22RT nO. = LOT NO. SALES QADER NO. CUANTITY SAMPLE 'g TART .9 VLY /g( ‘
last-4giq r Eloows t/22/ 5 |
CUSTOMER CUSTOMEA PART NO. CUSTOMER PURCHASE ORDER NO. |OTHER DRAWINGS 5TA.25293 !
i N oL -6% :é ‘ ‘Unltu Notl-d—;
s Quac TEST R
PARAMETER! l ‘ l | ] |
, : |
Zgi‘;:rnoa:s? P\,o 9 ,(a A RL =lop e ﬁ:’ 7. '3}7’{ G 2~
LIMITS ﬂ Gd‘..ctf(a A l??'f;;? IRF r;lrjcc
% VE %|F jDC NE waHs .
o 1 4B lobwa | i 48 ~ '
29 { (.90 | Seo | =0 i
1690 | 4o | v | i [
{ 6% | Swo | H ~ .l | | l’
i6.%0 | S0 | ~Fo | Ly ! | |
1 690 1 550 | %0 | _ | l | | | i
: ! | 630 | Suo | 3o | l | /] | : | i
; =Y {6890 1 %S0 i 30 | 1 l J l = ! '
1 ¢. g Ity | 751 | L /5 i | | |
s 1.9 lacoi 675 I | /9.5 L (25: g! [ 4 |
i le.r 1ol 07 | | | 3/ [ | ‘ !
e.e | cyol 07| /9 ] [ ! !
50 f¢a | 5ol 67 i | 0 4 | ! | '
12,00 1540 | 70 | EXZEE ! j [ | |
{1650 | 550 | 30 | | 6.80 i N | i |
o {F.ov | 560 | .70 KAz i l | | | |
' { 6,30 |60 | . FoO | 620 | | | l | l
REESY 1690|540 | 70 | € 90 | l I i |
1 €90 1545 | 7o | ¢ 70 l ! 4
{F.00 |y¥o | . Fo | 7. 50 | | | {
{7, ({40 [.90 | 7. o i ’ !
| {690 |suo | ., 3< | ¢ 90 |\ | | l
: bo §4.0° |§uo | G | Ao |\ | ! |
1L90 |S¥e | .Fo | 690 1 N 1R A .l | ! i
i | {4 60 |Sbo | Fo | 7 o | i) b | i !
> | {630 [s50 | vo | | 6.%0 | l l t t
¥ - T6A0 lsio | 2% | £.90 | | I ‘ ' l 1
1 6§ | F.ovp | Suo | . FO | Z.ovo | [ | | s
. 16.90 [ Swo | Fo | | 6. 20 ! i : o |
/ 1690 | ol . Fo | £.90 | | P A
‘ ! .30 | €50 | .%o | 590 | | ! &S |
16.30 | w0 | .20 | | 4.%0 { | | po ¢ | [
(1 %9 _j¢qo Iswo | . Fo | RZY | | L Sls !
. g 1.6 <o |. %o | | 7,00 | | i b Ol i |
: 1#.60iSvwo | 30 | 4 G | s | FYS ~
1 1 6% t S20 i .o | | £.90 | ; | ij.«'y e i .
’5 ] {6.% | SVo | 30 | | 6.60 P { } ! |
| = L= 50 ' Sus i .20 | 6 90] {9 | ! i | i
’ A P NS l ; !




I RN MICROWAVE ASSOC(ATES, INC. SEMICONUUL w5 wiv i .
SE ELECTRICAL/MECHANICAL TEST DATA PAGE D OF
' “ [MAPART mo. = LOT NQ. SALZ3 QACER NO. QUANTITY SAMPLE QlsTanT ?/L( /ﬁ_/. -
{65 -NF19 r I«-ou: UH/20/8 |
CUSTOMER CUSTOMER PART NO. CUSTOMER PURCHASE ORDER NO. [OTHER DRAWINGS {TA-25:33 -
l NIZL 88 - 24 ‘um-u NGreg
2..‘;:(1:)00\!‘.‘\.5!)-; Q UA " mST__
PARAMETE.’-I; R I ' l l ‘
::E:sr::mows; PLO = .3 mww B = .‘OFW f = ’.3?’5’ G 17
UMITS ﬁ G—G_o Je A Ft?-é_:r
VAF L= | Toe re RF= [ yacc |
p Ry b2 lolwme | onA4 8 ‘ l
3 iF 11w |Sko | Fo .00 | ) |
1 1680 |Suo | .38 690 | ) i |
. 1 6.%5n 1 Sho |.20 : 6.0 | | l l i
. 0  {6%Fc | Suo | o | 670 | | | | | i
i I F.5v 1SS0 | 4y | 7.0 | 1 | ! s
- 15 v | Y60 | . F2 | Foo |l L | l i f !
g {680 { o | . Fo | 690 K. 7 : | e
| 640 ! S0 | . Fo | G.70 I o 1] 2| | | l
7S (<0 | 5o |.FS | 7.0 l | | | ]
‘ i F.yve [ sd0 | Fo | #.o | | | | | | i
2 1¢.301 Suo [ Fe | 4.%0 | ! ! l
3 1 ¢.vol<So |, 90 i 6. %o | | | J
i . 1¢6. Fo | SV | vF00 | i 670 | i | ! ! i
1 Fo | (6.80] 40 | 3L | | 6%o i | ! | | 1
2 I N {4, v0 | Suo | 1 #Y | {00 t | ! f !
* ‘ 1 (.80 ]51° | .%o ¢. %0 | ' | ]
F, 50 |Suo |, Fo Yoo || | | | [
' 1C.6o |10 | Ko | 1 6.¢0 |/ { [ ! i
95 _{( %o |s4o | o £.70l ) \ l : l i
< 6.%0 | S60 | .70 - 29 | i l |
1¢ o | Suo 3< 3 R | l
16 90 (560 | .70 I KY? KH Soayendt -
1£.60 |Svo | ,#S 2B il ' |
leo {4 40 |56o 0 : o) | i !
' } | /N | | | |
| L) | 4 ' | i
, ! | ~N—" ) ! |
] } } | | | I
? | [ | - |
| 1 | ] | | | | C"dL |
| | - ! } ) e’ | i
- | [ » ! l o g® ' [
i ' ! i | | | l j L P i i
: c & 1 | | l | «y.;ﬂ" . . :
Lo | [ [ | I e > '
EN T R B f I
P I i { A ! | ] |
= ! i P { ; |

o




™

rad

C L MICROWAVE ASSOCIATES, INC. SEMICONGUL wn e s pase
A ELECTRICAL/MECHANICAL TEST DATA PAGE "7‘ OF
' " (oA ART MO, = LOT NO. SALES ORDEA \O. QUANTITY SamPLE ’g STAAT Q2 %r
NRL-F-2 14714519 r Elcome ?/&/i
CUSTOMER CUSTOMER ?aRT NO. CUSTOMER PURCHASE CRDER NO. |OTHER DRAWI'VGS T .2¢= s
f } \.nl.uNoud
A, QUL TeEsST
PARAMETER; i ‘ ‘ 'l
ese [
nons]  CRourl A | -
LIMITS | Plo] = 65w J R Fr0e N J; = '?-BFS-C 72
| jNF Zie ﬂg N ' ' !
Qeret jo B ohrma o ) "’ , .
oy 1ge 1S¢ol 07 | !

' icr lgs 1 scol o7y i l ( | |
o2 V&€ 110l 758 | J | i |
oty 1&-€ | 5%0in 741 I | l t | | | |
dn ﬂ(\g '5@‘(\.’7 I "[ f i - ! | ! i
lo 4 - AR | i : | [ i
D B N S B W RN X A | - [ | s ! i i
125 g @ | &0l A5 | i | { | ! i
-9 1272 | &7l 671 | | | I '
o g2 1 g¢e] ~neoi l ! ! | !
Wi el S22 A7l f | { [ | !
w2 Je.9 | aeni 024 ! | | ! | t

N2 1z 6 | &7, 070 I i i | ! ! j
wb g2 & Gol 670 | I | i | i i
it Ws 1£.72 1€7 1 acZnl i [ ! ! t !
wel g lgrelp.2 | 1 | l ! f ‘ ‘

K W72 1 Z. el A | 07 ] ! } ! ! }

- ne g2 Sha lO-2 i | | l | ! i

VWi 122 [S6o0 ! 02 | i | l | i | i

e V2.7 1&go 1 67 1 ! I ! |

fae g2 V¢t lo 7 i : [
a5 1. l<re 107 | | ! ! !
3¢ 1o 1o 724 | i | | |
|7b- 2.8 15¢o to-70 | | B [ i {

18 14. € | e |07 | | | | | | ;
Wl 8 ) Ske o 2s } | [ | | ! |

Wwrila . 72 | Cze lo-7¢ | ) | [ f

ntlz 2 1 ecza laiz | : o] ]
walz. 72 ezl o9 [ | 1 Azﬁa l [

! 19014 | &rol 670 ! L.’.O:ﬁ‘ i i
i Atz 1 Sen 1o Do | ( N H® [ |
i 1l 2 | K¢, 100 Ao 4 I } 40 i 1 ] {
! 1A lera 100D ' { { $;$ ] i i i
i Beld- o igan a2 | [ .2{2‘ | ! : «,

4 WL 2| gyl 670 f ' | : = v

s | 127 481;‘("io7~l/\ | | ! |

PO A 27 1 €700 076 e x® ! | ] i \ i

Y N ,\;\_/ I i . | ' i \




o MICROWAVYE ASSCCIATES, INC. seMine tear - - e
‘ " ELECTRICAL/MECHANICAL TEST DATA PAGE f OF
" {M.A. PART NO. = (o7 ~O. SALESOADEA NO. |QUANTITY BampLeE | QISTAAT & 47 /5 4
l‘i?lf‘&l‘? ' r 'ICQMP L VE 4l
CUSTOMER CUSTOMER 2ART NOQ. CUSTOMER PURCHASE CARDER NO. ‘ OTHEAR DRAWINGS x-'rA.z_-‘:j‘ .
N Qf\f 63 - ?_, ’ (Unuu Noref
asttar Ruat TEST
PARAMETZR! 2. Q\J {3 A B ' t ! T i
TEST :
CONOITIONS] PL: = . ?;—O ) e oV UL %; 2. 374- G 2
LIMITS h \
INE 2. Iﬁé
Qe {2 s | m A
12 149 1 Skn 1027
.. ez Sho l -7 , '
4 4.2 1 5€ | p.7¢ | l I i
iy (€7 L §gnl pigel l | l !,
, L3 147 ' Sret o701 l | [ l | |
3 Wwou 1 4e | crelo-70 ! [ [ I i | ! |
_ e 126 | cro i A0 ] ! i l ! | |
, v g & NV Cro lo70 | | i | l l
| w7 2.2 le7g. 16.7¢ 1 | I 1 |
wwele g leda i o9 | | | 1
‘ 1w g ¢ | cree 1672 | l [ l l
] . v<h dpo7 | b oNeTa | | [ [ i
Vel gD N A A | ! | | } | ]
v ls9 | eze la e ] | I l | i ]
I i 4.2 | can |l A0l | [ [ | | !
: IV EREsSEEN i ! | ;
E . \cCI € | Ctal el l | | 1 |
v; (- e 1.2 1 Cao | o7o! l | ! i
‘ wc7l 247 | 560l 067 I | | |
el 29 1| ges | 70 , ? ' '
lenl b4 1 Scol A7o l ! [
' 1ot} A€ L ~7- I | |
& toxt £ 1cza | 07| | ! l
4 1igs| L7 | Gl | A7 | l i [
- vl 225 1V §7. 1 67 i | i
o 1721 £:§ | She | 6-7e | | | | | ' i |
o el .. 7| §xe | & 0] [ | | l
122l C.e | vz lo7a | | ) IR |
[ 1~ 29 cze) 670 ] | | P |
b v | £2) el A 20 ) | | | b | !
! ] 2t g7 a2 | | | 1Y <Y { i
L W3 g9t erat 0024 | | | n ot : i
! 16| .70 €2.1 07! ! { ! | 2N j i i
; - 7e | 701 w2, | .. | | el ! !
B ‘. | L L) ) o7 | LN | i e | = !
§ [ a7zl &71 2, | 07 | 58] | A | | l
e R N l 1 ' . | i .




l .o MICROWAVE ASSOCIATES, INC. SeMivneun oL
S ELECTRICAL/MECHANICAL TEST DATA PAGE & OF :
' i NPT = LOT NO. SALES OADER NO. QUANTITY SAMPLE iolsr.\af 74, /FI :
991 ~¥519 r Sicome W/ ib/ § ‘
CUSTOMEA CUSTOMER PART NO, CUSTOMER PURCHASE QRDSA NQ. (OTHER DRAWINGS !TA""SQJ'\‘:
' “QL %8 - 'L ] 'Umcn Nozeg
s Quac TEST :
| [ewerl  daoue A tosT T T l |
5 z:sesuz(rrootsi PLe £ Lol w p(_ - /00 L 'g: 2320 GHE -
!; LIMITS i{ B
: TVE |Ze [Toc NE
e Joln [ohwa| ma 3
' %0 {1 £.20 | Y6o | Fo |
. 1 610 1S6o0 | Fo ! i i
| 6.30 {sto |.Fp | | | i
| 620 1 Spp | 'tO | | | | | ! {
{ 20 | Seo | F0 | ) - I i | {
. | 652 | S6o0 |32 | t i [ | ; ':
X 6te | S+o | -Fc | | | ! : l |
~’ [ ¢ .22 | C6o | 3¢ | | i | | l
. {670 | Sko | 7o | | i j i ;
L A eAr | Tea | #{ | | [ i | ;
190 | 6.t | Sbo | Fo | [ | | | ;
] 650 | $60 | TP | { | ! [ [
! | 6.60 | Sho 1.%0 | i l i g ! | (
| | 630 | 5800 |.32 | 1 | | | l i |
- { 6.9¢c | 560 | He | | | e i | ‘g
‘ | ¢€2¢ | Lea | .o | | i | i
| 6.5 Spo | AT ' { { { o i
‘ {1 ¢.30 ) Coo | Fo | I | 3 i :
! [ ¢4 560 | .35 | | | l ! '
|| __{tbo [ Seo | 30 | I R T
i 260 44| Chol Ao l ! |
: - {690 | Leo | AV [ ! i
3 I 1 .00 | ulo | (%0 | | i l |

" ‘ { 0> | Uqo | %o [ [ i [

! 4 1635 | udo | .S { | | N
AN i .90 [ 5o { %5 l I\ A — 2 | ' e
S (2. [uFo | 3¢ Ndh=PFEiked B I A
- ' | #6201 Sre | .30 \ l l "&ﬁ/ l

! 2.6 | oD a5 | | f | ©F ]

| 630 | 870 | <) [ | | | ! \4"’.55 | i

P 2)0 [+ oy Shol D | [ L | ac ¥ |
1841 Scot B | I P RN . )

) ! ¢.20 | Svro | -¥n | I P f { -?&u ! i
o {6 i vuoi s | | 1 /o~ _"_% T : :

¢ ] - iFt.ev | Supt .TD | B { \ese®) ) ) ' ; ,

: &5 | 380 1 Sbn | I | N YO | | | {

s ! .8 ) e i3y | ‘1 F.uo | i A | l | i

= I ; Li, %0 | T | = | {
" ]




l. oy \\ MICROWAVE ASSCCIATES, INC. SEMICONOUL. =m wiv s fgpe |
R ELECTRICAL/MECHANICAL TEST DATA PAGE 7 OF
' M.A, PART NO. = LOT NO. SALES ORDERA NO. QUANTITY AMPLE gisr,\m, 9/&’/&/
LATL -4§1g f Heows /1075
CUSTOMER CUSTOMER PAa8T NO. CUSTOMER PLRCHASE CARADEAR NO. |OTHER DRAWINGS !TA-ZSZIJ:
' U (2_'_’ 32 -2 jCniess Notes
v e Quac TEST
’ fARAMETER; 6—-42_,: el A | PQ,%,J;»{" [ f ‘ ‘ 2 i
‘ :.éi:;::ntloNsi Plad=z .8d mew QL: /00{/(,! 74: ¢3¥JT'C7HE :
Y olumits i .
I VE [Te | Tre UF !
LRy R Ores | e A 48 |
| [ 278 {F.i7 [S6o ¥ F.ov 1) i
-  Y.0 |THo |.F 100 |/ n l.
, Lo | F.v | 5Ye .80 » 7.0V | _ | |
; - {9, 1570 .80 | 3,69 t { | | i
V9, V20 1.7 | 7.6 | - | [ [ i
1z 1460 1.7V | F.oo |\ | l i { @ ‘
| T 69. 1 550 ;.2 | 40 T\ | l | | ! i
.1 5351 9o Foo | > N8y 4= i, ' ’ i
| (< . | 560 | .92 EX: NN L ! ;
be 17,0 {0 -7 %, 6o i | ! L I
V2. | 50 | %% | "} F 07 i [ | | [
! {#.0 | sco |, 3y | Jooo | 1| | | | l
| 9%0 1, /0| Lo | AL | #.0% | [ f | i
: IR [F. v i | I P |
| - |7, ) y30 ] -2 | | 2. o7 | | o ‘ [ 5
- (3, w 1 it | %o | [ 302 I l i % l a
{ 6,.9n 1 Jbo 1. i | | &.70 I l | i |
l| 19,00 | 560 | .20 | 7.0 | | ! |
A3 | Juo | ag | §Zo | i ! |
i {30 | §7v |, v | £.50] -~ | | ] |
‘ €93 | fuo | .%O N 1 1 | i i
. A sp ) Jue ).TS [ l | [ |
: Jto { /L 4o | 9o | .7 | li | I ! i
1 6o idsol.?o | 1l ! | 3 |
6.25 | fyuo | .¥o | { [ | I | q.ff l
i L, 65 | SCo | No | [ i { | I 20 Y i
1455 | S50 1 Ho | ] T | Iﬁt :
, | 1695 i Suol B0 | ; I At | t LS 1
. 1+.60 { 6o | +%n | | ( | | oo | [
| T 1350 | <0 | | 0 | | v |
! | £.%0 1 SSo0 | A | { H\ { | } yl | i
i | #,09 \ J20 | -8 | | | A= { 0 6'5 . !
- t 2J0 |4, 16¢p |50 | i Ll (=) ! ! :
- 3 .90 i+ SSo0 i S0 | ] Y N/ i é? ' 1
s ‘- | i £20 1 Cpo i Do | | v i ! L. { u .
A | 600 | S6o | 3| EXN P | | |
h“ , [ .60 1 Gber .25 | “ig.70 | [ Low l l I
¥ f . N vy g \ 1 ,‘:,.'):‘ : | \ : —-—-‘ i ‘ |




S Temr T ot TR

" —

HM 1829

—
v} ‘ MICROWAVE ASSOCIATES, INC. SEMICONOUC i w ™ wiv.sius o -
- ELECTRICAL/MECHANICAL TEST DATA PAGE &  OF
M. PART RO, = Lo NO. SALZS ORDER NO. QUANTITY sampLe  |RisTarT G /2( /%1
. 19v1 - ¥19 r Hcoup U/ 2 %
CUSTOMER CUSTOMEA PAST NO. CUSTOMEA PUACHASE SRGEA NO. [OTHER DIRAWINGS 1 _e2s337C
wflL 8;—, 2 1Unless Notac
RN vAL TEST
PARAMETZA! ﬁ.@l__foup A P%};’;—— ’ | |
TesT I - - .
CINOITIONS, 'P[,o E . 39 mvaw ﬂ%L = 100 L g,—_ 7 3% 4 #& ’
LMITS i v | | l
| WF 2ie | Toc rE , ‘ |
Qo< 42 ldwas | moa A3 [ [
956 1 £.9c | $%0 | .48 6.Go { i |
> 7 16 8ol 90 |70 ¢.?Fo | | [ t
T EAEEEDE Eay) | 1 | [
5>¢a 14.30 [ 390 |.Fv | F.ov | ! | | ! | !
2lo N bMe She | F0 | Z06v | | | | | } !
szt 1 6Fe 1892 | Ao | ¢ 70 | | i ! ! ! f
-7y | 6.5 3590 | tp | 630 | i l : | :
~/%2 J6.ue| %o |38 | | 7,00 72~ [ | i
~ct Jbio | 5901930 | 3. v | T ! | i |
~re 46500 | 8Fe | FC 6.90 b } | | |
S~z 16,30 | 3be | . Fo | | 6,80 | J | 1
~£7 €501 6beo | Ao | 612 | | | l |
~ et 1%6.50 1 SC6 | Ftn i £éGo | oo ! ] j i
225 | gve) fuo | .6 | {630 | Pt | t i !
b w0 | 6990 Clo | Ao | i 6 %0 L [ | { !
~=t | b.bo | 6‘2\"’ P30 | | &.80 o | 4 | |
> | 6S0 ] TF | Fv | %, 60 ] i [ { |
o ] 6] Tfo ] 185 £.90 | ! | [ ! [
2 4 /9. | %o |1FO 6.90 |/ | | E#' | l
s8¢ | €90 W30 | #¢ | | 670 N\ et | |
~1¢ | €.6b] i6o 5 6. %o | S | | [
s { apg |l Idn | LAS 670 | (ié) | 5 |
- ™G 4 ‘-?’0 fq’o 0 6..10 lé 15’ ‘ I ’
529 1%p | Sbo | Ao 7.09 b2 | i |
5¢u | 6.62) Sbo| ,Fv | & Go ‘ ;,_14;3* | ! {
~Gl {b6Uo | 330 | .3V £.4o | N | I
~ex 1 6.§6 ] Jboo | .3 6.50 ISk | [ l
sy 16 901 6o !l Fo | | 6. 90 N | n |
S gt | F. 0 | b | Fv | 7,00 | AT I | |
I 9¢S 16,60 | fuo | .Fv | 6.60 | | Al | | |
i amr | 6. Co | JUo | Y | {6.wo | N <N | ' i
i esem | 4,30 1 LU0 | ,+S | i 6.30 1 b 2 ' | |
i, ee | .FT | JUe Ay | | €35 | R ! | ! .
i 2¢1 1 6Fpiibo + T | 1670 | | | = i : . :
)} 280 Vbuel fue! Fp | | 6.490 | (=3 8) i : i ;
| [ L8l = /Pilwel A7 | | %60 | N | | i
Lo ~a_ 2 M §Tm 0 N | #,09! i | | i ! ]
! ' ' e P N ; b oa o) ’,/' | ! : | !




' A MICROWAVE ASSOCIATES, INC. SEMICONUUL on s s Ll
o ELECTRICAL/MECHANICAL TEST DATA PAGE ? CF
I M.A, PART NO. = LOT NO. SALES OADER NO. QUANTITY SAMPLE RISTART % el ZE—T
' a1~ TG ‘s ZCQMP W/ 4 /o,
CUSTOMER CUSTOMER PART NO. CUSTOMER PURCHASE ORDER NO. {OTHER DRAWINGS 11:;'25:":
' WE'L g 3 "2— {Unlcu Notad
" Quac_mEsT
’ PARAMETZRI G\?—c\){’ A ' er}s;' I I l ' I
TS ronsl Prol= eslo R+ loo L . '
CONDITIONS Lo Mo LF 7’% 4 4,' 3F G "=
LIMITS .
. ME | Ue [T =
[ e a3 [ohwa [ mea 4B
294 i1fFo |S30 70 G7o \
1 - 4,60 S3o Fo Ky Lg | t
16.4o | sS40 <30 : 6.uo {35 1 | l
{ 16.90 | §%0 i Ao T | | |
4 {672 1 %0 | ,Fp | - f { f i
; J6fs i Sba | AL | l | l i | | i
500 _16.C3 | Tbe i 7L | I | | | | ' f
4 [ =N | | { 1 | |
3 i | R l | i | |
; | | | l | !
) ! | | | | i !
3 -I ! | | l ! ( (
i ! ) i ] i { 9 | !
; { | | l | | ; : {
. ; | | ) | | ! | ! : !
{ | { | | l | i l |
3 ) b i | ' | l i ! ! |
3 | | | | | l | ! i
- i | | | t i
ir '- | | ! ! I
3 1 ! | | | !
, i [ [ e : '
t.)‘. 4 ' ' ' , !
| | : : ' | i | ' : . |
> i [ | 21 i ) !
?1 , l o n 4 i ) i
'_ f ! | ' ( g J | ‘
: ] j I | 2 i ! |
* ! |~ [ l I
1 | { i L n | -
i | . | | | | | | | | i |
; ] i . [ I e‘ by , ‘ |
! [ | | | q d - l .
! T ! , a 1 » T ‘
- l | | 1 [ | n | L b | -
I a ! | | i | [ ! ' !
- ; v | 1 \ f : | ! | ! !
' ! i ] ! ‘ ' !

-




' . Page 15
i
: ' 1495t —¥1(9
R \ - Geove ©
E l | \  REPORT OF Suesrove. |
\‘E‘

INTERNAL VISUAL DESIGN VERIFICATION (DECAP)

M/A. TYPE # NRL- $F~ 1L SALES ORDER #

., I ' ) CUSTOMER TYPE # PURCHASE ORDER # N oo 172-75-C-ols7

‘ . REFERENCE SPECIFICATIONS Mg -S$-1e500

: ! S/N )

| PROCEDURE:
, TEUD uNT  BY REFLow N - SoLben AT e
: F-LKAM‘N".—; IRTERNAC. CousSTRuUcTION Fon cdolo\nau aF

! il

.

< h
" \Z ZS\&F \ ﬁﬂé@-MDc_aHpmeg,o,J GOND 50!-062(
. HUEVMENT ©F PARTS Amd SxisTAdCE. de
FO
ﬁ , RESULTS: _ REICN MYTALY
: D At PACKS  Rownf

Ann Serorn JoinT
WERE NORMA e
(see e-om)

CONCLUSIONS:

UNT MEEs THE
REQUIALEMESTS OF

THE- APeli CAGLG
SCECIE RN S

)--_an.v\_%\ wleve

Report Na

‘MICROWAVE

, ASSOCIATES, INC,
! BURLINGTON, MASS.




' ‘ : MICRCWAVE ASSCCIATES, INC. ‘Page 16
: SEMICONDUCTOR DIVISION -
. _ , BURLINGTON, MASS. 01803
' BOND_PULL TEST RESULTS S L
USTOMER N.R . . . Geovr B
. Svereur 4
USTOMER 2.0. NO. Noonge-99-c~0 o7 ok . :
l.usrcm DART NO. |
(/A SALES ORDER NO.
* (/A PART NO. Specia ScinTrey DinDE
ULL TEST PEIR M- STD .3 €D METI4ag Comy
TMBER OF UNITS IN LOT 0
UMBZR GF UNITS SAMPLEID T
REGUZ.CY OF SAMDLING SR Te ST
jOND IDENTIFICATION Gotn wien. (aooy™) Tugema comppacsiod oy
[DDMOM PULL STRINGTE (.5" @rAm.
! ‘ .
b1 wo. rome: UNIT NO.  FORCE UNIT NO.  FORCE UNIT NO.  FORCE
~
1 LY 11 t-3 1 1
2 i 2 2 2
3 1.y 3 3 3
& b7 4 A . &
5 2 5 5 s
I 2.7 .6 6 6
Y8 .7 8 8 8 -
10 < L0 10 10

zics OF UNZ corET !

Unmt 4G WIRE GRoke My sran
ALL bnWERS LIETED METAGC FRygm o

y | N w-@a@;ﬁ-\.;'A"(r{?{




rage i

. MICROWAVE ASSOCIATES, INC. SEMICONDUCTOR DIVISION
ELECTRICAL/MECHANICAL TEST DATA : PAGE OF
A PART NO. Cre LoT NO. SALES ORDER NO, |GQUANTITY BAMPLE STARY i/« /) }
ARL-8¥-2 _1/921-48) 15 % e. W/ Y /81 '
CUSTOMER CUSTOMER PART NO. CUSTOMER PURCHASE ORDER NO. JOTHER DRAWINGS TA'ZSQ"C
WR L Unless Noted
f;:::?nmontal r ) C : SU b %FOUD ' ‘
mraverenl 4 1 Bl B 1T DI EIFE | &
TEST
CONDITIONS
umrsminl 072 |.060} 060,770 ,070!. 660060 |30°
1 mexl. 086G | .0CY[ .064].210].0F2] Oyl .0CY
Reree 13<h0%0 | .06D] .0611.2061.07281 062] .06Y4] v~
139]1. 020 | o6p| .0¢1]| . 206,081 ]| 06| .062] Vv
40) 078 | 060l O 205 080! o] . QL2 v
I4i 0629 | .06l .0G[| .305] .082| .063| 062 v
Wal o2 | ool 0L 205 0%l 061 063 v
W3l 0320 ol 061 207 o0&l .06Y| 02|
Wyl nzz| OGI 0011 Q207 AR 063 .C2| Y
i 148 ~oZ | 00| 06l | RO7| OF0] 062] .04
! el 0729 | 6ol 6t | 206 oFd| 0621 064
. 4] .~/% ] Loen] okt ] ,208] 081 .c6l] 00 v
4 6791 L0600l .0kl 200G 08321 .01 063
’ 149 0791 260! o1 | 308 .08 | 006721 o062 «
s .n9o| o6el ekl | anel oxal.062 | o6k ]
151 .oxel .pec| 0611 .300] 02| 062 063 v~ '
i) .072| 0Col .6t | 2nC| O] | 064 .Ced| <

Y Y TRV Ty e e
.

" .

camand Lot -

FORM 1820




b

AT

o E e

b

e st Nl U SO G $ovw

———  ommmd e

10.

11.

12.

REFERENCES

Schaumann, P.A., and Misakkas, C., "Thickness of Epitaxial Layers
of Silicon on Substrates of the Same Type by Infrared Reflectance ",
American Society of Testing and Materials, IBM Technical Revort,
TR - 22537.

Copeland, J.A,, "A Technique for Directly Plotting the Inverse Doping
Profile of Semiconductor Wafers", IEEE Transactions on Electron
Devices, Vol. ED -~ 16, No. 5, May 1969, pp. 445-449,

Manual for Jandel Universal Four Point Probe Resistivity Probe,

Jandel Engineering Ltd. 70 Crowshott Ave. Stanmore, Middlesex,
England.

Severin, P.J., and Poodt, G.J., "Capacitance - Voltage Measurements
with a Mercury - Silicon Diode, “"Journal of Electrochemistry Society
Solid State Science and Technology, October 1972,

McDonald, B., and Goetzberger, A., "Measurement of the Depth of
Diffused Layers in Silicon by the Grooving Method", Journal of the
Electrochemical Society, Vol. 109, op. 141-144, 19672,

The Digi-tab Film and Thickness Gauge Manual, No. M091-0025,
Copyright 1970 by Digi-tab, Inc. 237 Putnam Ave. Cambridge, Mass.
02139,

Andrews, J.M., and Ryder, R,M., U.S. Patent 3964084, 1976.
Shanon, J.M., Applied Physics Letters, Vol. 25, No. 1, p 75, 1974.
Shanon, J.M., Applied Physics Letters, Vol. 25, No. 1, p 75, 1974.
Christou, A., Anand, Y., and Dietrich, H., "Low Barrier Height Ion-
Implanted X-Band Silicon Schottky-Barrier Mixer Diodes", IEEE Electron
Device Conference, Washington, DC, 1877,

Chapin, J.F., Research and Development, Vol. 25, p 37,1974,

Pennington, J., U.S. Patent 2146024, 1939.




-

Rt 2 il i i Ao -

R El gl d g

DISTRIBUTION LIST

# CY
Mr. J. Meulemans 1
Air Force Materials Laboratory
Wright Patterson Air Force Base
Dayton, Ohio 45433
Major J. Erbacher 1
Wright Patterson Force Base
Dayton, Ohio 45433
Headquarters 1

Defense Documentation Center for
Scientific and Technical Info.
Cameron Station

Alexandria, Virginia 22314

Advisory Group on Elextron Devices 1
201 Varick Street

New York, New York 10014

ATTN: Mr. H. Summer

Commanding General 1
Rome Air Development Center

Griffis Air Force Base

Rome , New York 13440

Commanding Officer
Naval Weapons Support Center
Crane, Indiana 47522

Director of Defense Research
and Engineering

ATTN: Technical Library
Rm., 3E-1039, The Pentagon
Washington, D7C, 20301

NAVMIRO

ATTN: Code 226 (Oscar Wilsker)
Building 75-2

Philadelphia Naval Base
Philadelphia, PA.

# CY

Chief of Naval Material

ATTN: MAT 08E4, Mr. W, Holden
Naval Material Command Headquarters
Washington, D.C., 20360

Mr. A, Zutkoff Code 52052
Naval Research Laboratory
Washington, D.C. 20375

Mr. N. Wilson (AMSEL-KL-TM)
U.S. Army Electronics Command
Fort Monmouth, NJ 07703

Commander

Naval Electronics Systems Command
National Center #1

Washington, D.C. 20360

ATTN: Mr. R, Hill, Code 50451
ATTN: Code 30421

Commander

Naval Air Systems Command
Washington, D.C., 20360
ATTN: NAVAIR Code 360
ATTN: NAVAIR Code 533313

Hughes Aircraft Company

Electron Dynamics Division
3100 West Lomita Boulevard
Torrance, California 90509

1




— e ewe eme oEN SN A

DISTRIBUTION LIST

#CY
Alpha Industries Inc. 1
20 Sylvan Road
Woburn, Massachusetts 01801
AIL Division, Cutler-Hammer 1
Deer Park, L.I., NY 11729
Naval Research Laboratory 5

Washington, D.C, 20375
ATTN: Dr. A. Christou




bk ik

BOMCRE A Lt e S
'

T —— - e

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
[T REPORT NUWBER Wa«‘s CATALOG NUMBER
4. TITLE (and Subtitle) $. TYPE OF REPONT & PEROD COVERED
Manufacturing Technology Program for High Final Report ’
Burnout Silicon Schottky-Barrier Mixer Diodes | May 1979 to Nov. 1981
for Navy Air-To-Air Avionics €. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
Dr. Yoginder Anand - N00173-79-C-0107

Steven Ellis

. P 10. PROGRAM ELEMENT. PROJECT, TASK
9 ERFORMING ORGANIZATION NAME AND ADDRESS AREA & WORK UNIT NUWBE RS
M/A-COM

Burlington, MA 01803

t1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Research Laboratory February 1982

Washington, D.C. 20375 u.aguuoea OF PAGES

4. MONITORING AGENCY NAME & ADDRESS(!f different from Controlling Oftice) 1S. SECURITY CL ASS. (of thie report)

Unclassified
1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17 DISTRIBUTION STATEMENT (of the ebstract entered in Block 20, if dilferent from Report)

18. SUPPLEMENTARY NOTES

Schottky Barrier Diodes
High Burnout Mixer Diodes
Mixer Diodes

19. KEY WORODS (Continue on reverse side Il necessary and ify by block ber)

20 ABSTRACT (Continue on reverse side Il necessary and Identily dy dlock number)

This report describes the establishment of low cost semiconductor processes
to manufacture low barrier height high burnout X-band silicon Schottky
barrier diodes in production quantities. These devices are thermal compres-
sion-bonded in a rugged low cost pill (ODS-119) package. They exhibit an
overall low noise figure of 7.0 dB (single side band) at 0.5 mW of local oscil-
lator power level and RF burnout of 12 watts (7 = 1 usec and 103 Hz rep.
rate). Reliability and ruggedness of the design has been demonstrated by
tests taken from MIL.S. 19500F.

DD \%n'3s 1473  oimion oF 1 Nov 68 13 OBsOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

—————— e — e e = . [,







